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INTRODUCTION 
During the past eleven years, the diatom flora of Iowa has been stud­
ied intensively, and over 900 diatom taxa have been recorded (Dodd, 1971). 
Tabellaria, one of the most widely distributed freshwater diatom genera, is 
extremely rare or absent in the extant diatom flora of Iowa. Fossilized 
Tabellaria was recorded in four studies of sediment cores from Iowa 
(Stoermer, 1963; Collins, 1958; Dodd and Webster, 1970; Hungerford, 1970). 
Tabellaria was recorded in studies of extant diatoms from Lower Gar Lake in 
northwest Iowa (Buchanan, 1907) and again by Begres (1971) from Clear Lake 
in north central Iowa. Tabellaria was observed in a benthic collection 
from Spirit Lake in northwest Iowa during the summer of 1972 (C. W. Reimer, 
1972).^ In all cases, only a few frustules were observed, and none have 
been observed in the living condition. Despite its rarity in Iowa at the 
present time, Tabellaria is widely distributed in Minnesota (Bright, 1968). 
The intent of this study was to determine the present distribution of 
Tabellaria in a portion of the north central United States and to charac­
terize the habitats where it occurs. The data are used to partially char­
acterize the ecological amplitude of the genus in the study area. In the 
future, these data may be used to interpret the evidence from the sediment 
core studies in the past occurrence of Tabellaria in Iowa and the apparent 
rarity or possible absence of the genus in the extant diatom flora of Iowa. 
Distribution and ecological data have been used to interpret postpleisto-
Reimer, C. W., Academy of Natural Sciences, Philadelphia, Pa., Per­
sonal communication, 1972, 
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cene changes in aquatic habitats in numerous studies (Patrick, 1948; 
Florin, 1970). 
As the investigation proceeded, it became evident that a taxonomic 
evaluation of the forms of Tabellaria found in the study area would be 
necessary, A revision of the genus was done in the 1950's (Knudson, 1952, 
1953a, 1953b). However, Stoermer (1968) stated that the taxonomy of the 
genus Tabellaria was in a highly unsatisfactory state, and it was necessary 
to treat reports of species of this genus with some caution. 
In the initial phases of this study, I observed and recorded in detail 
the variation in the genus within and among samples taken from the study 
area and attempted to group the forms without reference to the classical 
taxonomic groupings. Later, in more critical studies of variation within 
the genus, I used integrated light and electron microscopy to gain more 
information of taxonomic significance and used this additional information 
to compare my groupings to the classical taxonomic schemes. 
The area in which this study was conducted is uniquely suited for this 
type of investigation. Other than the fact that the genus Tabellaria 
occurs in the region there is a great diversity of aquatic habitats repre­
sented (Bright, 1968). There are alkaline, hardwater habitats in the 
southwest portion and acid, softwater habitats in the northeast portion 
with almost every possible gradient between these extremes (Eddy, 1966). 
The diversity of the lakes is so great that Zumberge (1952) classified the 
lakes in Minnesota alone into 27 types based only on origin and the type of 
surficial deposit in which they were located. This diversity of aquatic 
habitats is due to a great extent to the complex geological history and the 
climatic gradients of the region. 
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MATERIALS AND METHODS 
Description of Study Area and Regional 
Patterns of Surface Water Chemistry 
The study area for this project included parts of six states and three 
lakes in two Canadian provinces, centering primarily in Minnesota and Wis­
consin, with excursions into North Dakota, South Dakota, Iowa, the northern 
Michigan peninsula, one site in Manitoba, and two in southern Ontario. 
Within this area, 101 bodies of water were visited at least once; 87 of 
them were visited by me and 14 by others (Figure 1), Physiographically 
this includes the region where the young drift sections of the Central Low­
land Geomorphic Province interdigitates with an extension of the Laurentian 
Highland Province of Canada, called the Superior Upland (Thornbury, 1965). 
The area exhibits a great diversity of aquatic habitats. The lakes 
vary from deep, soft water (low carbonate), oligotrophic types in north­
eastern Minnesota and Wisconsin, through hardwater (high carbonate), 
eutrophic types, to the shallow (high sulfate, alkaline), and saline (high 
chloride) type of the prairies (Eddy, 1966; Smith, 1920). This diversity 
of aquatic habitats is due to the complex bedrock configurations, the com­
plex glacial history, the climatic gradients, the vegetation, and the types 
of soils that are represented in the region. 
The geological nature and origin of Minnesota's lakes have been 
described in detail by Zumberge (1952) as he grouped the lakes into 27 
types based on origin and the surficial material in which they are located. 
Smith (1920) made a few general statements as to the origin of the Wiscon­
sin lakes in various regions. 
Figure 1. Location of sampling stations in the study area 
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The chemical nature of the water, which is largely determined by the 
nature of the glacial drift, influences the type of aquatic life that 
occurs in it (Pearsall, 1921; Brook, 1971). The study area was covered by 
four successive ice sheets during the Pleistocene (Figure 2). The only 
area that may not have been covered is the so-called "unglaciated region" 
of southeastern Minnesota, southwestern Wisconsin, and northeastern Iowa. 
The latest of these ice sheets, the Wisconsin, covered the greater portion 
of this area and left glacial deposits in which most of the stations are 
located. The surficial deposits of Minnesota and Wisconsin are either the 
gravelly red drift or the clayey gray drift of this late Wisconsin ice 
sheet. The red drift covers most of east-central and northeastern Minne­
sota and northern Wisconsin. The gray drift covers the rest of the area 
and extends to the Missouri River, except for that region covered by 
deposits of older ice sheets in southwestern Minnesota and the eastern 
Dakotas. Parts of these areas are covered by lacustrine deposits in the 
basins of large glacial lakes which are no longer extant (Figure 3). 
There are extreme variations in precipitation over the study area, 
ranging from 19 inches annually in western Minnesota to 34 inches annually 
in the eastern portion of the study area. Precipitation-evaporation ratios 
over the region have pronounced effects on the surface water chemistry of 
the lakes. It is interesting to note that the isoline that represents the 
point at which precipitation equals evaporation runs through northeastern 
Minnesota and northern Wisconsin (Figure 5). East and north of this line 
there is more precipitation than evaporation, and the lakes in this portion 
of the study area generally receive sufficient precipitation to maintain 
active outlets, and the residence time for dissolved solutes in the lake is 
Figure 2. Extent of various glaciations in study area (U.S.D.A., 1960) 
Mankato-Valders 
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Tazewell 
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Figure 3. Distribution of the more common kinds of surficial deposits in the study area (U.S.D.A., 
1960) 
Glacial drift, Wisconsin, weakly or non-calcareous 
Glacial drift, Wisconsin, calcareous 
ffïïïïTT Loess, greater than 4 feet thick 
Loess, 2 to 4 feet thick over calcareous Wisconsin glacial drift 
Loess, 2 to 4 feet thick over limestone, sandstone, or shale 
Sandy glacial drift and sandy eolian deposits 
Lacustrine deposits 

Figure 4. Distribution of the various zonal soils in the study area (U.S.D.A., 1960) 
Chernozem and related soils 
Podzol, brown podzolic, gray wooded, and related soils 
Brunizem, gray-brown podzolic, red-yellow podzolic, and related soils * * * *, 
12 
? 
Figure 5. Precipitation-evaporation ratios in the study area (Thornthwaite and Holzmen, 1942) 
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less than in the western area. West of this isoline the concentration of 
solutes in lakes may become quite high because of the concentration of 
solutes during periods of excess evaporation. This is reflected in the 
regional patterns of surface water chemistry. 
The temperature variation ranges from a mean annual temperature of 
6.6^ C in the south to 3.3° C in the north (Smith, 1920; Bright, 1968). 
Numerous investigators have attempted to categorize the lakes in this 
area into groups based on the surface water chemistry and the organisms 
that occur in them (Birge and Juday, 1911; Smith, 1920; Moyle, 1945a, 
1945b; Eddy, 1966; Bright, 1968). 
Birge and Juday (1911) divided the lakes of Wisconsin into three 
groups based on alkalinity. Their classification of waters is presented in 
Table 1. This system works rather well for the lakes in Wisconsin and the 
Table 1. Classification of Wisconsin surface waters (Birge and Juday, 
1911) 
Category Alkalinity as ppm CaCO^ 
Softwater lakes Less than 20.3 
Median class Greater than 20.3 to 89.2 
Hardwater lakes Greater than 89.2 
upper Michigan peninsula. However, Moyle (1945b) observed that while it is 
valid for Minnesota waters, it is not complete enough to afford adequate 
description and coverage of all the waters in the state. Moyle (1945a, 
1945b) classified the lakes of Minnesota according to their trophic condi­
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tions as indicated by their dissolved salts and characteristic organisms 
and defined the gross aspects of their regional water chemistry. He con­
sidered the aquatic flora of these lakes to consist of three major kinds 
correlating with the type of waters in which they occurred. He showed that 
the separation between floras in Minnesota had the chemical basis presented 
in Table 2. 
Table 2 .  Groupings of lakes in Minnesota (Moyle, 1945a, 1945b) 
Category 
Total alkalinity as 
ppm CaCO_ Sulfate (ppm) 
Softwater lakes 
Hardwater lakes 
Alkali or sulfate water lakes 
0-40 
41-250 
Greater than 100 
Less than 5 
Less than 10 
Greater than 50 
By combining the system of Birge and Juday (1911) and Moyle (1945a), 
Moyle (1945b) defined the groupings presented in Table 3. 
Bright (1968) divided the lakes of Minnesota into regions that are 
concomitant with the major presettlement vegetation patterns in the state 
(Figure 6). These groupings are mixed coniferous-deciduous forest lakes, 
deciduous forest lakes, and prairie lakes. Average values are given for 
these major lake groupings in Table 4. 
Geographic distribution of lake types 
In Wisconsin, Smith (1920) observed that the lake areas of Wisconsin 
can be grouped into three regions, all of which owe their origin to glacia­
tion. These regions, as outlined by Smith, are the southeastern, north-
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Table 3. Moyle's (1945b) combined system 
Category 
Total alklalinity as 
ppm CaCOg Sulfate (ppm) 
Very softwater lakes 0-20 Less than 5 
Softwater lakes 21-40 Less than 5 
Medium hardwater lakes 41-90 Less than 5 
Hardwater lakes More than 91 Less than 50 
Medium alkali water lakes Greater than 100 50-125 
Alkali water lakes Greater than 100 Greater than 125 
Table 4. Average values for lake types defined by Bright (1968) 
Category 
Total alkalinity 
ppm CaCOg 
as Sulfate 
(ppm) 
Coniferous-deciduous forest lakes 32 5.76 
Deciduous forest lakes 133 18.72 
Prairie lakes 165 157.5 
western, and northeastern. The southwestern portion of Wisconsin located 
in the so-called "unglaciated region" of the study area contains no lakes. 
In this discussion of the waters in the study area, the terms soft, medium, 
and hard waters are as defined by Birge and Juday (1911). Eddy (1966) 
described the lakes of Minnesota on the basis of geographical distribution 
and surfacewater chemistry. 
Figure 6. Distribution of major vegetation patterns in the study area (U.S.D.A., 1960) 
Forest, boreal 
Forest, deciduous, prairie border, and transition included 
Forest, mixed hardwoods, and coniferous 
Tall grass prairie 
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Southeastern region of Wisconsin This area contains several 
scattered, moderate-sized lakes, some of which are among the deepest in the 
state. The majority of lakes in this region are ice block basins, but a 
few of the larger lakes are situated in moraine-dammed valleys of pregla-
cial streams. The underlying rock formations of this region are Niagara 
limestone, Cincinnati shale. Galena limestone. Lower Magnesian limestone, 
and St. Peter sandstone. The mantle of overlying glacial drift consists of 
13% crystalline rock from Canada and 87% local land and limestone. Because 
of these factors, the lakes of this region have hardwater where the upper 
strata give an alkaline reaction. 
Northeastern region of Wisconsin and western Upper Michigan Peninsula 
The northeastern group of Wisconsin lakes lies chiefly in Vitas, Oneida, and 
Iron Counties. This lake region also extends northeastward into the west­
ern half of the upper Michigan peninsula. These lakes are generally small, 
irregular in shape, and connected by streams with irregular courses. They 
are formed in shallow depressions of ground moraine, hollows in outwash 
plains, or by the damming of recessional moraines. The underlying geologic 
formation of the northeastern area is entirely Precambrian granites. The 
mantle of drift is composed of material from the northeast, forming con­
spicuous deposits of sand. None of the drift is calcareous, and all soils 
are acid. All of the lakes in this region have medium or softwater. 
Northwestern Wisconsin The northwestern lake area lies in Barron, 
Polk, Burnett, Washburn, and Sawyer Counties. In general, the area is sim­
ilar to the northeastern area. The underlying geologic formations are 
Cambrian Potsdam sandstone and Ordivician Lower Magnesian limestone, com­
bined with areas of Keeweenawan trap rock and Precambrian granite. The 
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mantle of drift is composed of material from granite and sandstone regions 
with a certain amount of lime on the southern limit of the region. The 
lakes in this area have medium to softwater. 
Eastern portion of the Upper Michigan Peninsula The eastern half 
of the Upper Michigan Peninsula is best characterized as a region with 
waters of medium hardness (Prescott, 1962). 
Northeastern Minnesota The lakes in this region of Minnesota are 
softwater, low carbonate lakes that lie mostly in bedrock basins. The Pre-
cambrian rocks in this region are covered with a thin layer of non-cal­
careous red drift, and together they supply very little nutrient. The pH 
of these lakes ranges from 6.8 to 7.4, alkalinity is less than 40 ppm CaCO^, 
and sulfate is less than 5 ppm. Numerous dystrophic lakes are present in 
this region. Variation in trophic conditions in these lakes is dependent 
primarily upon their depth. The shallow lakes in the region show some 
evidence of eutrophication, and the deeper ones are generally oligotrophic. 
Central and northern Minnesota The lakes in this region are gener­
ally hardwater lakes that lie in gray glacial till. The chemical composi­
tion of these lakes shows a total alkalinity of 40 to 250 ppm CaCO^ and a 
sulfate content of less than 10 ppm; the summer pH of their surface water 
is 8.0 to 8.8. 
Southwestern Minnesota and eastern Dakotas The lakes in this 
region are alkaline (sulfate) lakes having higher dissolved salts than the 
carbonate waters previously discussed. These waters may have alkalinity 
values of 150 to 376 ppm CaCO^, sulfate concentrations of greater than 150 
ppm, and pH from 8.4 to 9.0. The high concentrations of salts in these 
waters reflect both the influence of the underlying salt-rich Cretaceous 
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formations which have been incorporated into the gray glacial drift and the 
excess of evaporation over precipitation. 
It should be noted that these groupings of Minnesota lakes conform 
rather well with those of Bright (1968). The composition of the lake 
waters in any region is generally similar. However, some local variation 
is to be expected because the trophic conditions of these lakes will also 
vary with differences in shape and size of drainage basins, the lake's 
morphometry, and local specific differences in soils and other surficial 
deposits, and the activities of man. For example. Devil's Lake (#82) in 
Salk County, Wisconsin, is a softwater lake in a region of normally hard-
water lakes. 
Sampling Procedures 
Selection of sampling stations 
The bodies of water that were sampled for Tabellaria were, with three 
exceptions, lakes. These lakes were chosen to form a representative sam­
pling of the general types of lakes that occur in the study area. Some of 
the criteria that were used in selecting these sampling sites were soil 
type, surficial deposits, bedrock type, and geographical distribution. 
On each lake one sampling station was selected. I tried to select a 
station that could yield samples most representative of the diatom flora of 
the lake. Preference was given to places that had a good stand of emergent 
or submerged aquatic vegetation and were shallow enough to allow wading 
some distance from the shore to obtain a plankton sample. The presence of 
finely divided bottom sediments and accessibility to the site were consid­
erations also. 
Sampling trips 
Sixteen sampling trips were made over a period of three years. The 
first four trips were designed to cover the entire study area so that I 
could establish the distribution pattern of the genus in the region. 
The first trip was taken in the period between August 17 and 25, 1969. 
During the course of this first sampling sequence, stations 1 to 29 were 
sampled. During the fall and winter of 1969-1970, these samples were 
examined to obtain an estimate of the distribution pattern. 
The second trip was taken in the period between May 6 and 16, 1970. 
On this sampling trip, stations in southeastern, south-central, and western 
Minnesota, two stations in eastern South Dakota, one in eastern North 
Dakota, one in Iowa, and one station in southern Manitoba were visited. 
These stations included numbers 37 to 62. Stations 25 and 28 were revis­
ited, also. 
The third trip included a transect from southwest to northwest and 
then into north-central Minnesota. This trip lasted from May 27 uo June 2, 
1970. Stations 63 to 81 were visited during this period. 
From August 21 to 26, 1970, a fourth sampling trip was taken. This 
trip covered parts of Wisconsin and east-central Minnesota. Samples were 
collected from stations 82 to 95 during this trip. Stations 38, 41, 65, 
66, 67, and 68 were revisited at this time. 
The station numbers that are not accounted for in this sampling 
sequence are those sampled by others. Samples from stations 30 to 33 in 
northeastern Minnesota were collected by Dr. Judith Hunt Loescher. Sta­
tion 34 (Echo Lake in Wisconsin) was sampled by Dr. Rex Lowe. Stations 35 
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and 36 were sampled by Mr. James Hungerford and 95 to 100 by Dr. F. M. 
Begres. Station 101 was added in the subsequent sampling pattern. 
From the previously sampled 100 stations, eight were selected to be 
sampled at two-week intervals during the 1971 season to obtain diatom col­
lections from different seasons of the year and to note the seasonal physi­
cal-chemical changes that occur in some of the lakes in the study area. 
These lakes were selected from those stations that approximately covered 
the range of chemical parameters of the Tabellaria-positive lakes. The 
ninth lake in this sequence, station 101, Devil's Track Lake, was added to 
the study at this time. The primary parameters used in this selection were 
total hardness and total alkalinity. The stations chosen for this interval 
sampling sequence were 7, 8, 13, 16, 25, 74, 76, 81, and 101 (Figure 7). 
It was my intention to sample at two-week intervals from the thaw in 
the spring to the freeze-over in the late fall. Sampling from the time of 
the thaw was accomplished, but due to other pressures, I was not able to 
sample until freeze-up. I was able to get samples from the majority of the 
lakes at two-week intervals for a period of 24 weeks, from April 15 to 
October 11, 1971. There are fewer samples from the most northern lakes 
since they did not thaw until May, and travel difficulties forced me to 
miss three lakes in May, 1971. 
Diatom collecting procedures 
The following procedures were followed for gathering diatom collec­
tions. In the distribution survey (sampling trips 1-4), collections were 
made from three basic microhabitats plus a sediment collection. A descrip-
Figure 7. Circled stations were selected for the interval sampling in 1971 
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tion of all samples taken during the distribution survey is presented in 
Table 26. 
Sampling of the first microhabitat of free-floating, planktonic organ­
isms was done with a 173 mesh, Turtox plankton net. This sample was taken 
by wading out into the lake as far as possible and throwing the collecting 
bucket outward where it would not be drawn through the water disturbed by 
my passage. Approximately 20 1 of water were poured through the net for 
each sample. 
The second basic microhabitat sampled was the surface of the emergent 
or submerged vegetation. This epiphytic (Aufwuchs) community was sampled 
by excising the stems or leaves of aquatic macrophytes and scraping the 
whole submerged length. The scrapings from all macrophytes at each station 
were placed in the same sample vial. In some cases, the type of vegetation 
did not lend itself to scraping, such as in the case of Hippuris, Myrio-
phyllum, some species of Potamogeton, Chara, and coarse filamentous algae. 
In these instances, at least a handful of the plant material was squeezed 
over a plankton net to collect and concentrate the epiphytes. 
In selecting a third microhabitat, a less ephemeral substrate than 
aquatic vegetation from which the diatoms could be scraped into a collect­
ing vial with a pocket knife was sought. Some of these substrates were 
rocks, old logs, pier pilings, submerged cans, and old tires. Usually more 
than one substrate was scraped and the diatoms placed in the same collect­
ing vial. 
The fourth type of collection was a sample from approximately the 
upper 10 cm of the sediments. This sample should give a good record of the 
total recent flora of the lake. It was collected by wading out into the 
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lake, preferably out to where the bottom was composed of finely divided 
sediments. The sample was taken by forcing a %-inch copper tube about 
10 cm into the sediments. I placed my thumb over the upper end of the 
tube, raised the tube with the sediments, and transferred the sample to a 
collecting vial. 
During the interval sampling of the nine lakes in 1971, the same basic 
microhabitats were sampled. The plankton was sampled in two ways. First, 
a measured amount of water was poured through the plankton net to get a 
quantitative net plankton sample. Next a one-liter polyethylene sample 
bottle was held approximately 10 cm below the surface and allowed to 
fill. This procedure gave a total plankton collection. A quantitative 
epiphyte sample was taken by excising a measured portion of an aquatic 
macrophyte and placing it in a sample vial in sections. 
Most samples were preserved at the time of collection with Transeau's 
solution (a mixture of 6 parts water, 3 parts 95% alcohol, and 1 part com­
mercial formalin). The one-liter total plankton samples were preserved 
with a modified Lugol's solution (Schwoerbel, 1970). Protoplasmic details 
are not ordinarily used in diatom identification, but some investigators 
use colonial morphology as a taxonomic character, and preservation in 
Transeau's and Lugol's solutions maintains this feature. The iodine in the 
modified Lugol's solution is taken up by the planktonic organisms and 
causes them to settle out faster, and the samples may be concentrated more 
readily by decanting. These samples were allowed to settle for one week 
before they were concentrated by decanting. 
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Cleaning, Slide Preparation, 
and Examination of Diatoms 
The taxonomy of diatoms is based on the sculpturing and other features 
of the siliceous frustule. To examine this sculpturing, it is necessary to 
remove the protoplast from the cell and destroy any organic matter in the 
sample. In this study, three cleaning methods were used. 
In the first method, a small portion of the diatom collection was 
placed in a 1000 ml beaker and cleaned by a modification of the hydrogen 
peroxide method of van der Werff (1955). The second procedure was a modi­
fication of the first in which the diatoms were boiled in the 30% hydrogen 
peroxide for at least one hour, then a small amount of potassium dichromate 
was added to complete the oxidation process. This method was necessary, 
especially with Tabellaria, because the transapical dimension usually is 
smaller than the pervalvar dimension and, when placed on microscope slides, 
they invariably lie with their girdle views up. The long boiling in hydro­
gen peroxide causes the frustules to break apart and the intercalary bands 
and the valves then lie on the slide so their surfaces can be examined. 
This method was also used to prepare the material for examination with the 
electron microscope. After the treatment with hydrogen peroxide, the 
cleaned frustules were washed and stored in distilled water. 
In the third method, a portion of the uncleaned sample was placed on a 
cover glass. The cover glass was suspended on a wire gauze, 4 cm above an 
open electric heating coil. The heat from the coil oxidized the protoplast 
of the cell, leaving the frustule unmodified but "clean." The time on the 
burner was about ten minutes. By use of this method, the colonial morphol­
ogy is preserved. 
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After the cleaning with hydrogen peroxide, the suspension of the dia­
toms, now in distilled water, was placed on a 22 X 22 mm, #1 cover glass 
with a dropper. The water was allowed to evaporate from the cover glass, 
and the diatoms adhered to its surface. The cover glass, with the diatoms 
dried on it, was then inverted and placed in a drop of Hyrax mounting 
medium (R.I. 1.71) on a microscope slide. The slide was then heated on a 
hot plate at 250° C to evaporate the solvent from the Hyrax and cause it to 
harden. 
The prepared diatom slides were examined with a light microscope. The 
microscope used in this project was a Nikon, L-Ke Photomicroscope, with 4X, 
lOX, and 4OX plan acromatic objectives, and a lOOX apochromate objective 
with a N.A. of 1.3. A 40X, Bausch and Lomb, fluorite oil immersion objec­
tive was used for photographing large specimens. The microscope had lOX 
Nikon H.K.W. oculars and was fitted with a Nikon Microflex (Model PFM) 
photomicrographic attachment and a Nikon 35 mm film holder. 
To prepare the diatoms for examination with an electron microscope, 
two basic techniques were used. Both methods employed the cleaning tech­
nique described above the second method. 
The first method of preparation for the electron microscope involved 
placing some of the suspension of cleaned diatoms on a Formvar coated 100-
200 mesh copper grid. When the water evaporated, it left the diatoms rest­
ing on the Formvar film. The siliceous diatom frustules are electron 
opaque, and the photographs taken are profile shots of the frustule (Fig­
ure 14) . 
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The second method used for the electron microscope was a carbon 
replica-metal shadowing technique. Numerous variations of this technique 
are described in the literature (Kay, 1965). 
The replica-metal shadowing procedure used in this study was perfected 
by Mr. Cal Weimers, who also prepared all of the grids for examination. 
This replica shadowing technique allowed me to observe the surface features 
of the frustule with high resolution and a three-dimensional effect (Fig­
ure 18). 
The diatoms to be examined with this technique were placed on Formvar 
coated grids in the same manner as described above. The grids were then 
placed in a vacuum evaporator chamber. In addition to the specimen grids, 
a carbon rod that had been sharpened to form a point 6 mm long and 1 mm in 
diameter was attached to the electrodes of the evaporator. The chamber was 
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closed and evacuated to 10 Torr. As the specimen grids were rotated, the 
electrical power to the carbon rods was slowly increased until the 6 mm tip 
of the rod had evaporated and the specimens were coated. This procedure 
was repeated to make the carbon replica more stable and to prevent collapse. 
Next, the specimen grids were placed on a piece of filter paper which 
had been saturated with chloroform to dissolve the Formvar film. After 20 
minutes in the chloroform, the grids were removed from the filter paper and 
the chloroform was allowed to evaporate. The specimen grids were then 
placed on the surface of a 10% solution of hydrofluoric acid for 30 min­
utes to dissolve the silicon of the diatom frustule. The specimen grids 
then were gently washed with distilled water to remove the residual hydro­
fluoric acid. 
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To shadow the replicas, 18 mm of 8 mil platinum-palladium (80:20 
alloy) wire was wrapped around a tungsten wire that was suspended between 
the electrodes of the vacuum chamber. The coil of platinum-palladium wire 
was placed 8 cm from the specimen grid and at an angle of approximately 
35 degrees from the specimens. A vacuum of 10 ^ Torr was drawn, and the 
metal gradually vaporized with the heat generated in the tungsten wire by 
an electric current. 
The shadowed replicas were then examined with an Hitachi-8 electron 
microscope. 
Analysis of Diatom Collections for the Occurrence 
and Variability of Tabellaria 
The first examination of the collections from the 101 lakes sampled 
during the distribution survey was to determine the presence or absence of 
the genus Tabellaria. If a frustule of any species of Tabellaria or any 
portion of a frustule was found in any of the collections from a particular 
station, that station was scored as Tabellaria-positive. The collections 
of living diatoms were the first to be examined. If no evidence of 
Tabellaria was found in the three basic microhabitat collections, the 
slides of the sediment samples were examined. I looked at no less than 
10,000 frustules from the sediment collections, and in most cases, depend­
ing upon the density of the cells on the slides, I examined a complete 
slide before any station was scored as a Tabellaria-negative station. 
After the lakes were scored as Tabellaria-positive or negative, on the 
basis of my observations during this cursory examination, it became evident 
that there was great variability between populations and within populations 
of Tabellaria taken from the study area. This preliminary examination also 
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led me to suspect that the different variants within the genus might have 
somewhat different distribution patterns. Thus, on the basis of these 
observations, I decided to examine the variation within the genus in an 
effort to separate the populations of Tabellaria into their component taxa 
so the distribution of the individual taxa could be mapped and analyzed. 
The great amount of variability I observed in the populations of 
Tabellaria in the study area and the confusion of the taxonomic literature 
with regard to this genus made it extremely difficult to determine what the 
disposition of individuals should be with regard to the taxon to which they 
belong. To overcome these difficulties, I examined collections from two 
stations in detail. These stations were 16 and 74. The two stations were 
chosen because the preliminary observations revealed that the collections 
from them were up to 96% Tabellaria, and almost every morphologic variation 
I observed over the whole study area was represented in these collections. 
Secondly, these stations were chosen because I collected from them during 
the interval sampling of 1971, and this gave me a large amount of material 
that could be efficiently examined by both light and electron microscopy. 
In identifying the forms of Tabellaria found during the study, I tem­
porarily disregarded the classical taxonomic treatments of the genus. On 
the basis of the morphology of the valve surface, the nature of the inter­
calary bands, and other frustular features, I grouped the specimens I found 
into four series. In separating these groups, I always tried to use pat­
terns of discontinuity between groups. On the basis of these considera­
tions, the groups constructed represented all of the variation encountered 
in the study area. Information acquired with the use of the electron 
microscope, for practical reasons, was considered taxonomically important 
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only if it could be related to characters visible with the light micro­
scope. 
Later these groups were considered in light of the "classical" taxo-
noraic literature to determine how the groupings fit the concepts of the 
genus held by other workers. The information from other ecological and 
taxonomic studies could then be compared to the results of this study. 
After the groups (series) were constructed, I went through all of the 
collections from the 101 lakes in the pattern survey. I reexamined the 
Tabellaria specimens that occurred in the collections and determined to 
which of the morphologic series each belonged. Each of the lakes was then 
scored according to which group or groups were present. The distribution 
of each group was then mapped. 
As before, the collections from the three basic microhabitats were 
examined first, and it was here that comparison with sediment samples 
became critical. In the preceding sections, the lakes were scored as 
Tabellaria-positive if evidence of its occurrence was found in the sedi­
ments. This device for establishing positive records is valid only if one 
can recover in sediment collections the same variants that were observed in 
the collections of living diatoms. Thus, if all four variants occurred in 
the collections from the three basic microhabitats, I should be able to 
find all of them in the sediment samples. At all but two of the stations 
I was able to recover from the sediments the same variants that I observed 
in the collections from the three microhabitats. 
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Water Analysis Procedures 
Along with the diatom collections, water samples were taken so a num­
ber of chemical and physical parameters of the aquatic environment could be 
measured. All chemical analyses were done with a Each DR-EL Portable Water 
Engineers Laboratory. The procedures used were as outlines in the Methods 
Manual (1st Edition) for the Water Engineers Laboratory (Hach Chemical Co., 
1970). 
The water samples to be used for chemical analysis were taken by hold­
ing a one-liter polyethylene sample bottle a few centimeters below the sur­
face of the water and allowing it to fill. For dissolved oxygen determina­
tions, a Model 1962 Hach Dissolved Oxygen Sampler was used. 
During the survey of the distribution pattern (trips 1-4), all chemi­
cal analyses were done in the field. During the interval sampling of 1971, 
only orthophosphate (ppm), ammonia nitrogen (ppm) dissolved oxygen (ppm), 
pH, turbidity (JTU), and temperature (° C) were measured on site. The sam­
ples were then packed in ice and transported to the laboratory for the 
remaining determinations. Except for three sets of samples which were fro­
zen, no more than four days elapsed between the time of collection of the 
sample and the completion of the analysis. 
On the first sampling trip (stations 1-29), the only parameters meas­
ured were total hardness (ppm CaCO^) and pH. For the remaining stations a 
"complete" analysis was done. During the interval sampling of 1971, a 
"complete" analysis was done on the biweekly basis for each of the nine 
stations. 
The "complete" analysis consisted of a determination of the following 
parameters; phenolphthalein alkalinity (ppm CaCO^); total alkalinity (ppm 
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CaCOg); carbon dioxide (ppm COg); chloride (ppm Chloride); total hardness 
(ppm CaCOg); calcium hardness (ppm CaCO^); dissolved oxygen (ppm); silica 
(ppm); orthophosphate (ppm); nitrate nitrogen (ppm); nitrite nitrogen 
(ppm); ammonia nitrogen (ppm); copper (ppm); iron (ppm); manganese (ppm); 
pH; turbidity (JTU); sulfate (ppm); specific conductance (xaicromhos/cm); 
water temperature (° C); and air temperature (° C). Color (APHA Platinum-
Cobalt Standard) was measured in the 1971 interval sampling. 
Statistical Methods 
The ecological data gathered at each station during this study was 
punched on to computer cards. Along with the value of each parameter, the 
stations were scored as to which forms of Tabellaria were encountered at 
that station. The occurrence of each form was scored as +1, and the 
absence of each form was scored as 0. 
The statistical analysis of this data was accomplished by the correla­
tion procedure and the means procedure as outlined in the Statistical Anal­
ysis System (Barr and Goodnight, 1971). 
With the correlation procedure, the computer calculates and prints out 
the bivariant statistics, which includes the sum, mean, minimum value, max­
imum value, corrected sum of squares, and standard deviation for each 
parameter. For each pair of variables, the correlation coefficient, number 
of observations, and the probability of a greater absolute value of the 
correlation coefficient under the null hypothesis that the population 
parameter RH0=0 was computed. The minimum level of significance that was 
chosen for this work was the 0.05 level. The correlation coefficients were 
calculated by the following relationship (Snedecor and Cochran, 1967): 
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(^2x^ ) (Sx^ ) 
The means procedure computes simple statistics for variables in a data 
set and was valuable for producing a summary of the mean, number of data 
points, standard deviation, variance, sum of squares, low value, high 
value, and coefficient of variation for each parameter. These statistics 
were calculated for all variables from those stations where each of the 
forms of Tabellaria was encountered. These data and statistics are par­
tially summarized in the tables presented in the ecological results section 
of this paper. 
An analysis of variance (ANOVA) within and among classes was obtained 
for each of the parameters. The four Tabellaria-positive classes included 
those stations where each of the four forms of Tabellaria were encountered 
were compared with the four Tabellaria-negative classes. Significance was 
determined by F tests. The computer procedure for the analysis of variance 
is outlined in Barr and Goodnight (1971). The F values that were signifi­
cant at or above the 0.05 level are presented in Table 14. 
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TAXONOMIC SECTION 
Review of Major Taxonomic Treatments 
Hustedt (1931) gives the following account of the genus Tabellaria, 
and his diagrams of those taxa important to this study are reproduced in 
Figure 8. Translated from the German and edited for English word sequence. 
GENUS TABELLARIA 
C. G. Ehrenberg, Ber. Berl. Akad, 1839, S. 217 (1840) 
Name from, tabella -- little shelf or table. 
Synonymy: Conferva e.p., Diatoma e.p., Tetracyclus e.p. 
Description; 
In girdle view cells appear rectangular to lamellar, forming 
zigzag or dense colonies, rarely stellate. In mature resting 
cells 4 or more annular intercalary bands, open at one pole, with 
a ridge like thickened septum at the other end, septum penetrat­
ing deeply into the cell. Septa of adjacent intercalary bands 
alternating. Valve linear in outline, swollen at the ends and in 
the middle. Transapical plane enlarged or sometimes incised 
(literally, sole shaped). Valves without costae, but with fine 
transapical striae, and a distinct narrow pseudoraphe. Chroma-
tophores more or less numerous, dispersed and disc-shaped, all 
principal sections are plane surfaces. 
In this account of the genus, Hustedt (1931) describes three species 
of Tabellaria and three varieties of one of the species. His key to the 
species of Tabellaria is as follows, translated from the German and edited 
for English word sequence. 
A. Septa short, valve linear- elliptical and (sole shaped) 
incised. T. binalis 
B. Septa deeply penetrating, the valve more or less inflated in 
the middle and at the ends. 
I. Normal resting cell with four intercalary bands and septa. 
Apical axis long, central inflation of valve scarcely 
broader than the ends. T^, fenestrata 
II. Cells with numerous intercalary bands and septa. Apical 
axis proportionately shorter, median inflation of valve 
substantially broader than the terminal inflations. 
T. flocculosa 
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T. binalis will not be analyzed in this work, as it was not encoun­
tered in the study area. fenestrata (Lyngbye) Kutzing is described by 
Hustedt (1931), and the three varieties other than the nominate variety are 
also included in his concept of the species. The species description reads 
as follows (Hustedt, 1931), translated from the German and edited for 
English word sequence. 
Tabellaria fenestrata (Lyngbye) Kutzing. 
Bac. S. 127, Taf. 17, Fig. 22, Taf. 18, Fig. 2, Taf. 30, 
Fig. 73 (1844). 
Synonymy: Diatoma fenestratum Lyngbye, Hydrophyt. danic. 
Taf. 61, 1819. 
Tabellaria trinodis Ehrenberg Ber. Berl. Akad. 1840, 
S. 251. 
Tabellaria fenestrata var. gracilis Meister, 
Kieselalg. d. Schweiz, S. 56, Taf. 4, Fig. 8 (1912). 
Descriptions : De Toni, Syll. S. 743 (1892). - Bachmann, Arch. 
f. Hydrobiol. Bd. 3, S. 67 (1908). - Hustedt, Bacil-
lariophyta, S. 122 (1930). 
Illustrations: W. Smith, Brit. Diat. Bd. 2, Taf. 43, Fig. 317 
(1856). - Hustedt in A. S. Atl. Taf. 269, Fig. 11-
13, 26 (1911). 
Collections: Rabenhorst, Alg. Eur. Nr. 1361. -- V. Heurk, Typ. 
Nr. 346. — Tempère & Peragallo, Coll. Diat. 2® édit. 
Nr. 82, 212, 249, 732, 900. 
Cell in girdle view, rectangular with rounded corners, 
strongly developed in the direction of the apical axis. Gener­
ally, forming zigzag colonies. In the mature resting cell, 
4 intercalary bands present with septa penetrating almost to 
the middle of the frustule. Valve linear, with median and 
terminal inflations, median inflation slightly broader than the 
terminal inflations, 30-140 p, long, 3-9 p, wide. Transapical 
striae delicate, but distinct, 18-20/10 p,, and perpendicular to 
the midline and slightly radiate at the ends. Pseudoraphe nar­
row, sometimes somewhat enlarged at the middle and poles. A 
pore is located on the median inflation, somewhat lateral to 
the midline, a second pore, sometimes difficult to see, is 
located at the end, on the border of the valve mantle. 
var. intermedia Grun., V.H. Syn. Taf. 52, Fig. 6-8 (1881). 
Cell with more than four intercalary bands. According to 
many authors considered as a transitional form that links 
T. fenestrata to the next species, %. flocculosa. 
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var. asterionelloides Grunow, V.H. Syn. Taf. 52, Fig. 9 (1881). 
Synonymy; Tabellaria fenestrata var. Willei Huitfeldt-Kass, 
Planktonunders. I. Norske Vande, Christiania (1906). 
Tabellaria fenestrata var. lacustris Meister, 
Kieselag. d. Schweiz, S. 56, Taf. 4, Fig. 6-7, 
(1912).^ 
Collections: Tempère & Peragallo, Coll. Diat. 2^ edit. Nr. 784, 
Cells forming stellate colonies, which frequently disinte­
grate to form zigzag chain colonies. 
var. geniculata A. Cleve., Ofv. K. Sv. Vet.-Akad. Forhandl. 1899, 
1899, Nr. 8, S. 831, Fig. 1-5. 
Cells geniculate in the middle, in most cases forming 
stellate colonies. 
The second species considered by Hustedt (1931) is Tabellaria floc-
culosa of which he gives the following account, translated from the German 
and edited for English word sequence, 
Tabellaria flocculosa (Roth) Kutzing, Bac. S. 127, Taf, 17, 
Fig. 21 (1844). 
Synonymy; Conferva flocculosa Roth, Catl, I, S. 292, Taf. 4, 
Fig. 4, Taf. 5, Fig. 6 (1797). 
Diatoma flocculosum Lyngbye, Hydrophyt. dan, Taf, 61 
(1819). 
Bacillaria tabellaris Ehrenberg, Infus, S, 199, 
Taf, 15, Fig, 7 (1838). 
Tabellaria amphicephala Ehrenberg Ber. Berl. Akad. 
1840, S. 22, 
Tabellaria gastrum Ehrenberg. Verbr, Amer, S, 137 
(1843), 
Tabellaria trinodis Ehrenberg, Mikrogeol, e,p, 1856, 
Tabellaria flocculosa var, ventricosa Grunow, Vehr, 
zool.-bot. Ges. Wien, 1862, S. 410. 
Tabellaria flocculosa var. amphicephala Grunow, 
Verh. zool.-bot, Ges, Wien, 1862, S, 410, Taf, 7, 
Fig. 18. 
Tabellaria flocculosa var. genuina Kirchner, in Cohn, 
Kryptog, - Flora V. Schlesien, Bd. II, S, 210 (1878), 
Descriptions; DeToni, Syll. S, 744 (1892), -- Bachmann, Arch. 
f. Hydrobiologie, Bd. 3, S. 67 (1908). -- Hustedt, 
Bacillariophyta, Seite 123 (1930). 
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Illustrations: W. Smith, Brit Diat. Bd. II, Taf. 43, Fig. 316 
(1856). — V. Heurck, Syn. Taf. 52, Fig. 10-12 
(1881). — Hustedt, in A,S. Atl. Taf. 269, Fig. 14-
19, 22, 23, 27 to 30 (1911). 
Collections; Rabenhorst, Alg. Eur. Nr. 1364. — V. Heurck, Typ. 
Nr. 347. — Tempere & Peragallo, Coll. diat. 2^ edit. 
Nr. 37, 57, 104, 168, 516. 
Cell in girdle view rectangular-tabular, due to numerous 
intercalary bands, with rounded corners, forming zigzag colo­
nies. Septa flat, deeply penetrating. Valve with more or less 
abrupt median inflation, capitate, rounded to broad and flat at 
the poles. Terminal inflations, in most cases, considerably 
smaller in width than the median inflation, 12-50 p, long, 5-16 
wide. Transapical striae fine, about 18 in 10 p, perpendicular 
to the midline, slightly radial at the ends. Pseudoraphe nar­
row, often swollen in the middle, and occasionally at the poles. 
Mucilage pore as in the previous species. 
Systematics; This species is unusually variable, especially 
with regard to the average plankton, however, to separate them 
into named varieties, according to Grunow, is not practical. 
Frequently there are asymmetrical forms in which the swelling 
on one side is greater than on the other. Tabellaria floccu-
losa var. ambigua Breueger, Blunder Algen, S. 289 (1863) is 
undefinable and therefore canceled; var. pelagica Hombole is 
probably identical to Tabellaria fenestrata var. asterionel-
loides Grun. in V.H. The observation by Bachmann that he 
regards Tabellaria fenestrata and T. flocculosa as the terminal 
members of a single species I cannot agree with. There is suf­
ficient difference morphologically and ecologically to keep 
both forms, for these reasons there are two species. 
Huber-Pestalozzi's concept of the genus Tabellaria is essentially the 
same as Hustedt's; in fact, the figures and in most cases the descriptions 
used to describe the species are taken directly from Hustedt (Huber-
Pestalozzi, 1942). In the case of T. fenestrata, he includes the variety, 
T. fenestrata var. intermedia Grun. in V.H., as part of the nominate vari­
ety by changing Hustedt's description to read "with 4 or more (5-8) inter­
calary bands." The taxon T. fenestrata var. asterionelloides Grun. in V.H. 
is considered by him to be the same as the taxon T. flocculosa var. plagica 
Holme, emend Teiling (1942). Thus, he places T. flocculosa var. plagica 
Figure 8. Reproduction of Hustedt's illustrations (Hustedt, 1931) 
A. Tabellaria flocculosa (Roth) Kûtz. a. colony; b. girdle 
view; c.,d. valve; e.,f. intercalary band; a. 500X; 
b-f lOOOX (Hustedt, Fig. 558) 
B. Tabellaria fenestrata var. asterionelloides Grun. in V.H., 
500X (Hustedt, Fig. 556) 
C. Tabellaria fenestrata var. geniculata A. Cleve, lOOOX 
(Hustedt, Fig. 557). 
D. Tabellaria fenestrata var. intermedia Grun. in V.H. 
a. colony; b. girdle view; c. valve; a. 500X; b.,c. lOOOX 
(Hustedt, Fig. 555) 
E. Tabellaria fenestrata var. fenestrata (Lyngbye) Klitz. 
a. girdle view; b. valve; c. intercalary band, lOOOX 
(Hustedt, Fig. 554) 
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Holme, emend Telling in synonomy with T. fenestrata var. asterionelloides 
Grun. in V.H. 
The flocculosa concept of Huber-Pestalozzi is also essentially the 
same as Hustedt's. In the description he regarded the widening of the 
pseudoraphe at the median inflation a characteristic of this taxon. Also, 
he reiterates Hustedt's decision not to name all of the variants that have 
been observed in this species (as he sees the species) because in the 
material he observed abundant transitional material is present to link 
these variants. 
Knudson (1952, 1953a, 1953b) wrote a revision of the genus Tabellaria. 
In this revision, she used as evidence for her conclusions information 
gathered by employing three methods. These methods were: (1) a study of 
the taxonomic history of the genus, (2) the range of structure in nature as 
shown by collections from many different localities and habitats, and 
(3) changes undergone by the forms when grown in unialgal clone cultures. 
Combinations of diagnostic characters other than those previously used were 
employed in reordering of the genus. 
During the course of her study, she examined the type material of 
Tabellaria fenestrata (Lyngbye) Kutzing and recorded the following charac­
teristics (Knudson, 1952): 
1. In valve view the apical inflations were distinctly capitate. 
2. Each septem has a sharp bend close to the point of insertion 
at the end of the valve. 
3. Absence of rudimentary septa. 
4. Eighteen striae in ten microns. 
5. Cell division takes place when there are four intercalary 
bands present (definite frustule formation). 
6. A prominent mucilage pore situated near the center of the 
median inflation. 
7. Length 49 to 73 p. 
8. Cells formed straight-chain colonies. 
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Figure 9-A^, A-C is a reproduction of the illustration of the type material 
drawn by Knudson (1952, Fig. 1, A-C). She states further that this taxon 
is readily identifiable by its colonial morphology, the bent insertion of 
the septa, absence of rudimentary septa, definite frustule formation, and 
distinctly capitate apical inflations. On the basis of her observation in 
the English Lake District, she characterized the cells of T. fenestrata to 
vary in length from 25-116 jj,. 
In arbitrarily defining this taxon by excluding those forms that may 
have more than four (and a variable number) of intercalary bands at the 
time of cell division, the varieties 2- fenestrata var. intermedia Grun. in 
V.H., fenestrata var. geniculata A. Cleve, and T. fenestrata var. 
asterionelloides Grun. in V.H. are excluded from this species because they 
all may form frustules with more than four intercalary bands at the time of 
cell division. 
Knudson describes jÇ- quadriseptata, similar to %. fenestrata (Lyngbye) 
Kutz var. fenestrata in expressing "definite" frustule formation but dif­
fering in having a zigzag colonial morphology, and in valve view the 
apices are not distinctly capitate, the terminal inflations taper gradually 
to the shaft. The original description given in the initial publication of 
the name is as follows (Knudson, 1952): 
Tabellaria quadriseptata nov. spec. 
Zigzag colonies, frustules with 2, 3, or 4 septa. Valves 
23-129 n long with three approximately equal inflations. 
Terminal inflations gradually tapering towards the shaft. 
Muscilage pore inconspicuous, situated at periphery of central 
inflation. Striae 14-18 in 10 Habitat: attached to sub­
strate in dystrophic to very oligotrophic waters. 
Type material from Tarn-at-Leaves, Cumberland, England, 
May 13, 1951. Holotype in British Museum (Natural History), 
Herb Diat., No. 36263: paratypes Nos. 36264 and 36265. 
Figure 9. Reproduction of Knudson's illustrations (Knudson, 1952) 
A . A-C. Tabellaria fenestrata (Lyngb.) Klitz. A, colony 
morphology; B, valve; C, frustule in girdle view; B and C 
are drawn from type material 
D-J. Tabellaria quadriseptata Knudson. D, E, colony mor­
phology; F, living cell; G-I, valves; J, frustule in girdle 
view; c, chromatophore; mp, mucilage pore; n, nucleus; 
ps, pseudoraphe separating rows of transapical striae; 
rs, redumentary septum; s, septum. (A,D,E 273X; F, 625X; 
Rest, 833X) (Knudson's Fig. 1) 
B^. Tabellaria flocculosa (Roth) Klitz, var. flocculosa. 
A-F, valves; G-I, frustules in girdle view. Drawn from the 
neotype (Eulenstein Diat. spec. typ. No. 50; B.N. 22750). 
(833X) (Knudson's Fig. 2) 
C^. A-D. Tabellaria fenestrata var. intermedia Grun. in V.H. 
A-C, frustules in girdle view; D, valve. Drawn from Van 
Heurck Types du Synopsis, No. 364 (B.M. 26657). mp, muci­
lage pore. (833X) (Knudson's Fig. 3) 
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Figure 9-A^, D-J is a reproduction of the original illustrations of 
T. quadriseptata (Knudson, 1952). 
Knudson's concept of T. flocculosa was derived from examination of 
drawings of the first described material (Anonymous author. Philos. Trans. 
No. 288, p. 1499, and Figs. 7 & 8) that was later described by Roth in 1797 
as Conferva flocculosa Roth (Knudson, 1952). The type material of Conferva 
flocculosa Roth is not extant so Knudson designated Eulenstein's Diat. spec, 
typ. No. 50 (Labelled spec, originale Lyngb. Tent, page, 179, t. 61) in the 
British Museum (Natural History) (B.M. 22750) as the neotype (Figure 9-B^)-
Through observations of type material, results of culture investiga­
tions, and examination of numerous collections from the English Lake Dis­
trict, Knudson came to the conclusion that definite and indefinite frustule 
formations are characteristics of fundamental importance in the taxonomy of 
Tabellaria. Her considerations of these characteristics were fundamental 
in uniting the forms of the species %. flocculosa with all forms having 
indefinite frustule formation being treated as part of this species. 
T. flocculosa (Roth) Klltz. var. flocculosa, T. fenestrata var, intermedia 
Grunow in V.H., T. fenestrata var. asterionelloides Grunow in V.H., 
T. fenestrata var. geniculata A. Cleve, T. flocculosa var. pelagica 
Holmboe, and 2- flocculosa var. pelagica (Holmboe) emend. Teiling (var. 
teilingii Knud.) thus became components of a new emended concept of the 
species T. flocculosa. In her conspectus of the genus, Knudson describes 
this association as follows (Knudson, 1952). 
Tabellaria flocculosa (Roth) Kutzing, Die. Kies. Bacill., p. 127 
(1844). 
Conferva flocculosa Roth. Cat. Bot. i. p. 192 (1797). 
Bacillaria flocculosa (Roth) Leiblein in Flora, x, p. 288 
(1827). 
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Colonies zigzag, corkscrew-, parachute-, or star-shaped; 
frustules symmetrical or asymmetrical in the valvar and apical 
planes; septa 2-32 or more per cell; rudimentary septa often 
present. Valves 6-130 , with central inflation as broad as, 
or broader than, the apical inflations, which are not dis­
tinctly capitate. Habitat: fresh waters, either attached or 
planktonic. 
var. flocculosa (Roth) nov. comb. 
Conferva flocculosa Roth, Cat. Bot. i. p. 192 (1797). 
Tabellaria flocculosa (Roth) iCùtzing, Die Kies. Bacill., 
p. 127 (1844). 
Tabellaria flocculosa var. ambigua Brugger in Jber. naturf. 
Ges. Graubunden, N.F., viii, p. 289 
(1863). 
Tabellaria fenestrata var. intermedia Grunow in V.H., Syn. 
Diat. Belg., pi. 52, figs. 6-8 
(1881). 
Tabellaria flocculosa var. compressa Woodhead and Tweed in 
Northw. Nat., xxiii. Nos. 1-4, p. 30 
(1948). 
Colonies usually zigzag, occasionally star-shaped. Colo­
nies usually attached, sometimes planktonic. 
var. pelagica Holmboe in Arch. Math. Naturv. xxii (I), p. 27, 
(1900). emend. Tailing in Bot. Notiser, 1942, p. 68 
(1942). 
Colonies corkscrew-shaped, planktonic. Frustules with 
oblique twist. 
var. asterionelloides (Grunow in V.H.) nov. comb. 
Tabellaria fenestrata var. asterionelloides Grunow in V.H., 
Syn. Diat. Belg. pi. 52, fig. 9 
(1881). 
Colonies usually star-shaped, occasionally zigzag. Plank­
tonic . 
var. geniculata (A. Cleve) nov. comb. 
Tabellaria fenestrata var. geniculata A. Cleve in Ofvers. 
vetenskakad. Forh. Stockh. Ivi, 
p. 831 (1899). 
Colonies parachute-shaped, planktonic. Frustules geni­
culate in valve view with prominent central inflation. 
This concept of T. flocculosa (Roth) Kûtz. allows for a great degree of 
variability in the species. Knudson summarizes the characters by which 
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frustules of the same valve length which may differ as follows (Knudson, 
1952). 
1. frustule wall thickness 
2. degree of prominence of central and apical inflations 
3. curvature of septa 
4. spacing of septa 
5. maximum and minimum number of septa in each cell 
6. degree of development of the rudimentary septa 
7. frustules twisted or not 
8. angle between adjacent frustules 
9. tendency to form stellate colonies 
Knudson (1953a) studied the variation in the plankton varieties of 
Tabellaria in the English Lake District and concluded that they belonged to 
the T. flocculosa complex (sensu Knudson, 1952). In a further considera­
tion of the infraspecific taxonomy of this complex, she found that some 
strains of flocculosa are confined to the plankton and others are con­
fined to the Aufwuchs. It was further indicated that there are strains 
that represent all degrees of differentiation between plankton and attached 
populations (Knudson, 1953b). 
In her consideration of the varietal level of the planktonic forms of 
T. flocculosa, she indicates the varieties geniculata (A. Cleve) Knud., 
asterionelloides (Grun in V.H.) Knud., teilingii Knud. (var. pelagica 
Hombole emend. Teiling) have the strongest claim to varietal rank. 
T. flocculosa var. pelagica Hombole is probably synonymous with floc­
culosa (Roth) Kutz var. flocculosa. It was further indicated that the 
taxon T. flocculosa var. asterionelloides (Grun in V.H.) Knud. probably is 
not a natural group, but the name is usefully retained for strains charac­
terized by the suplanktonic habit and stellate colonies with a genetically 
stable basis. Stellate colonies with a genetically stable basis are 
defined as those populations where stellate colonies are present throughout 
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the entire year though not necessarily in larger numbers than the zigzag 
colonies. T. flocculosa (Roth) Kutz. var, flocculosa are those strains 
that are either attached or planktonic in which stellate colonies are pro­
duced either sporadically or not at all. In this case, it is believed that 
the stellate habit does not have a genetic basis (Knudson, 1953a). 
In the present study, the planktonic corkscrew-shaped colonies similar 
to T. flocculosa var. teilingii Knud. or the parachute-shaped colonies of 
the geniculate 2- flocculosa var. geniculata (A. Cleve) Knud. were not 
observed and will not be discussed further. The concept of T. flocculosa 
var. asterionelloides (Grun in V.H.) Knud. and of %. flocculosa (Roth) 
Kutz. var. flocculosa will have to be considered further in the light of 
the findings of this study. 
Differences between the two major concepts of this genus center on the 
degree of importance placed by various authors on the number of intercalary 
bands at the time of cell division. Hustedt and Huber-Pestalozzi maintain 
that the variety intermedia Grun. in V.H. which has numerous (an indefinite 
number greater than 4) intercalary bands at the time of cell division 
should remain with the species T. fenestrata either as a separate variety 
or be placed in synonymy with the nominate variety (Hustedt, 1931; Huber-
Pestalozzi, 1942). The varieties geniculata A. Cleve and asterionelloides 
Grun in V.H. which occasionally produce frustules with more than 4 inter­
calary bands at cell division should be retained in the species 
T. fenestrata. In spite of this, they use the number of intercalary bands 
(4 for T. fenestrata. numerous for T. flocculosa) as a major point of 
separation between these two species. This seems somewhat inconsistent. 
52 
They apparently place more emphasis on the nature of the valve surface and 
outline than they do on the number of intercalary bands. 
Knudson, however, indicates that the type of frustule formation, 
"definite" (four septa at cell division) or "indefinite" (more than four 
and variable in number), is a major discontinuity within the genus 
(Knudson, 1952, 1953a, 1953b). However, in cases where the vast majority 
of the cells in a population divide when four intercalary bands are present 
but a few have more than four, she considers such populations in the 
"indefinite" category. This places a considerable strain on the decision­
making process required of any casual observer using her system. 
Knudson's description of the species T. fenestrate (Lyngbye) Kûtz. is 
rather arbitrary allowing for very little variation within the species. 
Also, the new species, T. quadriseptata Knud. has definite frustule forma­
tion like T. fenestrate (Lyngbye) Kutz. anr' only minor differences in valve 
outline, mucilage pore placement, and colonial morphology. 
The separation of these two variants at the specific level is tenuous 
at best since the degree of discontinuity used to separate them is about 
equal to that used in separating the varieties of T. flocculosa in 
Knudson's new emended concept of that species. I have examined the para-
type slides of T. quadriseptata mentioned above, and from the surface char­
acteristics of the values and the nature of the intercalary bands, I get 
the impression that it should be considered as a variant of T. flocculosa 
that has not expressed its "indefinite" nature, possibly because of the 
restricted environmental conditions under which it is found. 
Works completed subsequent to the publication of Knudson's revision 
employ one or the other of these two concepts for the genus Tabellaria. 
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There is ample evidence that complete agreement on the part of diatomists 
is not the case. Hustedt's concept is used for example by Round (1959, 
1960), Fenwick (1958), Merilainen (1967), Lehn (1969), Foged (1954, 1968), 
and Stoermer and Yang (1969). Knudson's concept is used by Round and Brook 
(1959), Cannon, Lund, and Sieminska (1961), and Bright (1968). Merilainen 
(1969) used Hustedt's concept but recognized the work of Knudson in the 
discussion of the taxa he found. Patrick and Reimer's (1966) major tax-
onomic treatment of the diatoms of the United States uses Knudson's concept 
of the genus. 
Taxonomic Results 
The concepts of the genus held by other workers in major treatments 
were reviewed in the literature section. They do not appear to cover ade­
quately the variations and discontinuities observed in material from the 
study area, and for this reason, it seemed essential to construct new 
groupings (series) based on frustular morphology that would better describe 
and delineate the forms encountered. 
On the basis of the morphology of the valve surface, valve outline, 
girdle and intercalary band structures, and type of frustule formation, 
four distinct series of Tabellaria appear distinguishable among material 
derived from my collections in this portion of the north central United 
States. A fifth series based on habitat and distribution is recognizable. 
The four morphological groups are distinguishable both in girdle and valve 
views. Differentiation of these groups was facilitated by the use of the 
electron microscope because the outline of the valves and the surface fea­
tures of the valves were easier to evaluate from electron photomicrographs 
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than from light photomicrographs. The diagnostic characters most useful in 
separating these variants were: (1) valve outline, (2) shape of central 
area, (3) type of frustule formation, and (4) characteristics of the inter­
calary bands. Length ranges and striae counts in the four variants overlap 
to the degree that these characters were believed to be of limited signifi­
cance . 
As was indicated previously, populations from station 74, Greenwood 
Lake, and station 16, Birch Lake, were chosen for the study of variation 
within the genus. All of the variants observed in samples from the 101 
lakes in the study area were represented in the samples from these two 
lakes. These two stations were sampled ten times during 1971, at two-week 
intervals. 
Description of the series of Tabellaria found during the study 
The following are descriptions of the forms of Tabellaria encountered 
in the collections from Greenwood and Birch Lakes. The descriptions are 
from the Greenwood Lake material, however, when the Birch Lake material 
varies significantly from the Greenwood Lake material, it is noted in the 
description. 
Series (Figures 10-A to J, 11-A to G, 12-A) Valve linear with 
median and terminal inflations. Terminal inflations not distinctly capi­
tate, tapering gradually to the shaft; as wide or wider than the median 
inflation. Pseudoraphe narrow, continuing unaltered through the median 
inflation. Position of mucilage pore variable, occurring near the center 
of the median inflation, or at its margin, or on the shaft a short distance 
from the median inflation. Length 40 to 128 p; breadth at median inflation 
Figure 10. Series I attached forms; sample 74B7 
A.-G. Series I valve views; lOOOX 
H. Colony; A.N. 151; lOOX 
I. Colony; A.N. 153; girdle views; lOOOX 
J. Colony; A.N. 147; girdle views; lOOOX 
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Figure 11. Series I and IV attached forms; sample 74B7; electron photo­
micrographs 2200X 
A.-G. Series I valves 
H.-L. Series IV valves 
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Figure 12. Carbon replica electron photomicrographs 
A. Series I valve; 2200X; length of total valve is 100 p,; 
sample 74B9 
B. Series II valve; 2200X; length 62 p, ; sample 74B9 
C. Series III intercalary band, with septum and rudimentary 
septum (complete);. 2200X; length 34 p,; sample 74B9 
D. Series III valve; 2200X; length 27 jj,; sample 74B9 
E. Series II intercalary band; 8400X; sample 16B8. 
F. Series III valve; 4760X; length 42 p,; sample 74B9 
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4.7 to 6.5 n. Striae count 13 to 20 in 10 p on different specimens. Up to 
20% variation at different places on the same valve. Row of short spines 
barely visible on margin of valve with light microscope. Spines clearly 
evident in carbon-replica electron photomicrographs (Figure 12-A). Two to 
many intercalary bands evident in girdle view; at least four present at 
time of cell division; longer specimens usually with four (indefinite frus­
tule formation). Septum on intercalary band extends half its length. Rud­
imentary septa absent. Intercalary bands complete (not broken open at 
unoccluded end when boiled in 30% hydrogen peroxide). Cells forming zigzag 
colonies of indefinite size attached to vegetation and other substrates. 
In the Birch Lake series I specimens, the outline of the valve and the 
spacing of the striae were the same, but the intercalary bands had rudimen­
tary septa, whereas in the Greenwood Lake samples, they consistently lacked 
this feature. Series I frustules of up to 146 p, were observed in the Birch 
Lake collections. 
Series II (Figures 12-B and E, 13-A to K, 14-A to G) Valve linear 
with median and terminal inflations. Terminal inflations distinctly capi­
tate, median inflation formed by abrupt widening of the shaft near center 
of valve, as wide or slightly wider than terminal inflations; position of 
mucilage pore usually near center of median inflation. Spines not evident 
in electron photomicrographs of carbon replicas. Pseudoraphe narrow, con­
tinuing unaltered through the center of the median inflation. In girdle 
view, septa with prominent bend adjacent to point of insertion at end of 
frustule so that septum is closer to valve mantle near center of cell (Fig­
ure 13-K). Four intercalary bands present at time of cell division (defi­
nite frustule formation) each with a septum which extends half its length. 
Figure 13. Series II attached forms; sample 74B7 
A.-F. Valve views; A.N.'s 76, 107, 82, 95, 124, and 73; 
lOOOX 
G. Girdle view; A.N. 140; lOOOX 
H. Two frustules in girdle view; lOOOX 
I. Colony; A.N, 158; lOOX 
J. Colony; A.N. 154; lOOX 
K. Two frustules in girdle view; A.N. 155; lOOOX 

Figure 14, Series II attached forms; samples, 74B7 and 16B9; electron 
photomicrographs 2200X 
A.-D. Series II valves; sample 74B9 
E.-G. Series II valves; sample 16B9 
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Rudimentary septa absent. Intercalary bands incomplete with a break at 
unoccluded end evident when specimens boiled in hydrogen peroxide (Figure 
12-E) . Length 38 to 103 [j,; breadth 5.6 to 8.5 (x at the median inflation. 
Striae parallel and evenly spaced on the same specimen varying from 17 to 
22 in 10 |j, on different specimens. Occurs attached to vegetation or other 
substrates, forming straight-chain and, in rare cases, zigzag colonies. 
The series II specimens observed in collections from Birch Lake were 
more strongly capitate than those in the Greenwood Lake collections (com­
pare Figure 14-A to C with Figure 14-E to G). 
Series III (Figures 12-C to D and F, 15-A to S, and 16-A to L) 
Valve linear with median and terminal inflations. Terminal inflation not 
distinctly capitate; median inflation variable but somewhat wider than 
terminal inflations. Pseudoraphe narrow, widening at the median inflation 
to form a clear central area. Length 17 to 83 jj,; width 4.7 to 6.6 p, at 
median inflation; striae 14 to 17 in 10 p,. Position of mucilage pore on 
median inflation variable. Row of short marginal spines barely visible 
with light microscope; clearly evident in electron photomicrographs of car­
bon replicas (Figure 12-D and F). Some frustules twisted; the degree of 
twist variable. Two to many complete intercalary bands; usually more than 
four present at time of cell division. Intercalary bands each with a prom­
inent septum and, in most cases, a rudimentary septum also (Figure 12-C). 
Cells at shorter end of length-range tend to have more intercalary bands 
(20 observed in one frustule). Occurs attached to vegetation and other 
substrates forming zigzag colonies of indefinite size. 
Series IV (Figures 11-H to L, 17-A to J, 18-A and B) Valve linear 
with median and terminal inflations. Terminal inflations usually dis-
Figure 15. Series III attached forms; sample 74B7; lOOOX 
A.-S. Total variation observed in sample 
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Figure 16. Series III attached forms; sample 74B7; electron photomicro­
graphs 2200X 
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Figure 17. Series IV attached forms; sample 74B7 
A.-G. Series IV valve views; A.N, 77, 86, 93, 91, 103, 43; 
lOOOX 
H.-J. Colony; A.N. 131; lOOOX 
I 
m 
Figure 18. Series IV attached form; sample 74B7; carbon replica electron 
photomicrograph 6600X 
A. Intercalary band with septum and rudimentary septum 
B. Type IV valve; 27 y, long 
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tinctly capitate; median inflation abruptly widening, considerably wider 
than terminal inflations. Pseudoraphe narrow, widening at median inflation 
to form a clear central area; position of mucilage pore on median inflation 
variable. Length 15 to 39 p; breadth 7.5 to 8.5 [j, at median inflation; 
striae parallel to slightly radiate at the center, 14 to 16 in 10 Mar­
ginal spines present- Four to many complete intercalary bands, each with a 
prominent somewhat undulate septum and rudimentary septum; frustules at 
shorter end of length-range tending to have large number (up to 24 
observed). Occurs attached to vegetation or other substrates forming zig­
zag colonies of indefinite size. 
In plankton collections from Greenwood and Birch Lakes, a few valves 
of each of the previously described series were observed, however, one form 
was observed that dominated the planktonic Tabellaria population. This 
form appeared to be very similar to the series III described above as an 
attached form with a few minor differences. It appeared frequently in the 
plankton of the other Tabellaria-positive stations and is referred to in 
this work as strain IIIp. 
Series IIIp (Figures 19-A to N, 20-A to J) Valve linear with 
median and terminal inflations. Median inflation wider than terminal 
inflation. Pseudoraphe narrow, tending to widen at median inflation form­
ing a more or less distinct central area particularly evident in the 
shorter end of the length-range. Mucilage pore in almost all cases located 
at margin of median inflation. Margin of the valve surface with row of 
short spines visible with the light microscope, especially at ends of 
valves (Figure 20-E). Length 37 to 122 p,; breadth 3.76 to 6 p,. Striae 
parallel, 14 to 17 in 10 p,. Intercalary bands complete, each with a promi-
Figure 19. Series IIIp planktonic forms valve views 
A.-E. Lower Red Lake; sample lOAl; A.N.'s 191, 8, 186, 9, 
184; lOOOX 
F. Leech Lake; sample 9A1; A.N. 173; lOOOX 
G. Leech Lake; sample 9A1; A.N. 7; lOOOX. Valve with one 
intercalary band showing septum and rudimentary septum 
H. Leech Lake; sample 9A1; A.N. 170; lOOOX 
I. Leech Lake; sample 9A1; lOOOX. Intercalary band 
J.-K. Cass Lake; sample 12A1; A.N.'s 214 and 210; lOOOX 
L.-N. Lake Bemidji; sample llAl; A.N.'s 194 and 197; lOOOX 
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Figure 20. Series IIIp planktonic form 
A. Lake Vermillion; sample 15A1; A.N. 241; 430X 
B. Pine Lake; sample 20A1; A.N. 255; 430X 
C. Pine Lake ; sample 20A1; A.N. 256; 430X 
D. Leach Lake; sample 9A1; A.N. 169; 430X 
E. Lake Vermillion; sample 15A1; A.N. 237; lOOOX. Frustule 
in colony showing marginal spines 
F. Cass Lake; sample 12A1; A.N. 219; 430X 
G. Trout Lake; sample 14A1; A.N. 231; 430X 
H. Trout Lake; sample 14A1; A.N. 231; lOOOX. Girdle view 
showing faint rudimentary septa 
I. Trout Lake; sample 14A1; A.N. 231; lOOOX. Frustule in 
colony showing oblique twist and marginal spines 
J. Cass Lake; sample 12A1; A.N. 218; 430X 
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nent septum and, in most cases, rudimentary septa; two to six intercalary 
bands possible but generally four present at cell division. Frustules with 
an oblique twist of up to a full 90 degrees (Figures 19-J and 20-E). 
Arrangement of cells in colonies somewhat variable, from partially stellate 
at one extreme to zigzag at the other. No more than five cells observed in 
any stellate colony and, usually, some cells in such colonies also arranged 
in a zigzag pattern (Figure 20-C). This form dominant in plankton had a 
greater average length than the similar series III from attached habitats. 
Morphologically, both forms seem to grade together imperceptibly in the 
same length-range. The planktonic forms were, as a rule, more twisted, 
with less distinct rudimentary septa and fewer intercalary bands. 
Key to the series of Tabellaria 
To separate the four morphological variants recognized in this study, 
a key based on the previously discussed characters is proposed below. It 
is a scheme that separates the forms according to the major discontinuities 
that I feel exist within and between populations of this genus from the 
study area without regard to the practical feasibility of using these char­
acters in routine taxonomic work. 
Key 
A. Mature frustule with fixed number (4) incomplete intercalary 
bands, i.e., exhibiting definite frustule formation; no marg­
inal spines; usually distinctly capitate; striae evenly 
spaced throughout, 17-22 in 10 p,. ---Series II 
A. Mature frustules with variable (4-several) complete inter­
calary bands, i.e., exhibiting "indefinite frustule forma­
tion;" marginal spines present; striae somewhat irregularly 
spaced. B. 
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B. Widths of median and terminal inflations approximately 
equal; apices not capitate; median inflation formed by a 
gradual widening of the shaft; no widening of pseudoraphe 
at median inflation. Series I 
B. Width of median inflation greater than terminal infla­
tion; pseudoraphe widens at median inflation to form a 
more or less distinct central area. C-
C. Width at median inflation 3.76 to 6.6 p,; length 17 to 
83 p, ; ends not distinctly capitate; four to many 
straight septa at cell division.—Series III and IIIp 
C. Width at median inflation 7.5 to 8.5 p, ; length 15 to 
39 p, ; median inflation formed by an abrupt widening 
of the transverse axis; ends usually distinctly capi­
tate; septa somewhat curved. Series IV 
Taxonomic Discussion and Conclusions 
The material observed in this study indicates that the concept of 
"definite" vs. "indefinite" frustule formation may be a valid diagnostic 
character. Along with this character I observed another discontinuity that 
correlates with it. In all samples I examined where the frustules had been 
broken apart by boiling in 30% hydrogen peroxide, the structure of the 
intercalary band was seen to be different for the definite and indefinite 
frustule formers. In populations exhibiting definite frustule formation, 
the intercalary bands are "incomplete" (i.e., each one of them has a break 
at the unoccluded end). This feature is readily observable with the light 
microscope, but in electron photomicrographs, it is very evident that, at 
the point of the break, there is a regular thinning of the intercalary band 
with the punctae on the band terminating at the point of thinning (Figure 
12-E). In all populations with indefinite frustule formation, "complete" 
intercalary bands occur (Figure 12-C). Furthermore, in many cases there 
are rudimentary septa associated with the complete bands (Figure 18-A). 
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It is interesting to note that Hustedt's (1931) illustration of inter­
calary bands show that those belonging to the species T. flocculosa (Roth) 
Kûtz. have a break in the unoccluded end (Figure 8-A), whereas Knudson's 
(1952) illustrations show T. flocculosa (Roth) Kiitz. with intercalary bands 
that are complete. It should be noted, however, that specimens in my 
series IV conform almost identically to Hustedt's illustrations of T. floc­
culosa (Roth) Kiitz., except for having complete intercalary bands, and this 
may raise a question as to the universality of this character. 
My observation of the paratypes of T. quadriseptata Knud. which is 
supposed to be the other definite frustule former has shown that it has 
complete intercalary bands which are characteristic of ray indefinite frus­
tule formers. From this information, one can conclude that there is not a 
complete correlation between these characters or that, as with many indefi­
nite frustule formers, it is not expressed in the paratype material. 
Another feature that may be of diagnostic importance is the presence 
or absence of spines on the valve surface. As mentioned earlier, the car­
bon replicas of the valve surfaces have shown, in some cases, a row of 
short spines along the margin of the valve. These spines are just visible 
with the light microscope. In the material I examined, all of the indefi­
nite frustule formers had spines. Spines are not evident with the light 
microscope in my series II populations which are the definite frustule 
formers nor are they evident in the few electron micrographs of the series 
II specimens that have been obtained to date. However, before this feature 
is considered further as a taxonomic character, I will reserve judgment on 
its validity until I have examined more specimens with the electron micro­
scope. 
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Taken together, the two features, definite vs. indefinite frustule 
formation and incomplete vs. complete intercalary bands, makes the separa­
tion between my series II and I, III, IIIp, and IV more distinct. These 
features indicate that series II should be considered as T. fenestrata • 
(Lyngbye) Kûtz. var. fenestrata, while series I, III, IIIp, and IV belong 
to the T. flocculosa (Roth) Kiitz. complex as emended by Knudson (1952). 
The paratype of T. quadriseptata has spines that are quite evident with the 
light microscope and complete intercalary bands which leads me to believe 
that this is another form of T. flocculosa (Roth) Kiitz. as emended by 
Knudson. 
Variation in series II populations 
This taxon is somewhat variable in the characters that Knudson used to 
separate the two definite frustule formers she recognized. The diagnostic 
characters she used to separate T. quadriseptata Knud, and T. fenestrata 
(Lyngbye) Kiitz. are: (1) nature of the terminal inflation, (2) position of 
the mucilage pore, (3) insertion of septa, and (4) the colonial morphology 
(Knudson, 1952). 
The material that I examined during this study showed that the degree 
of capitation of the terminal inflation is variable, from very distinctly 
capitate to not so distinctly capitate. It should be recalled that 
T. fenestrata (Lyngbye) Kiitz. is described by Knudson (1952) as distinctly 
capitate, while the terminal inflations of quadriseptata Knud. are said 
to taper to the shaft. 
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I have observed that the position of the mucilage pore in series II 
valves is usually quite stable and near the center of the median inflation. 
However, in a few cases it is located at the margin of the median inflation. 
The bend in the septa after the point of insertion at the end of the 
valve is very similar to what is described for the type material of 
fenestrata (Lyngbye) Kvitz. This character seems to be somewhat variable 
also. 
The colonial morphology of this series is usually a straight chain 
arrangement of the cells, but again this character is variable, since there 
is a tendency to form zigzag colonies. Stoermer and Yang (1969) found that 
the type of colony formed by species of Tabellaria was one of the most vari­
able taxonomic characters and of little value. 
As one can see from the previous discussion, in the material I have 
observed, all of the diagnostic characters that would separate the two 
"definite" frustule formers recognized by Knudson are quite variable. More 
important than the variability of any one character is the fact that I have 
been unable to correlate variation in any one of these characters with vari­
ation in another one. There does not seem to be any easily definable pat­
tern of discontinuity. For this reason, I am treating all of the popula­
tions I observed in series II as one taxon, T. fenestrata (Lyngbye) Kutz. 
var. fenestrata. In addition, the characteristics I observed in the para-
type of %. quadriseptata Knud. indicate that it may have greater affinity 
for my indefinite frustule formers. 
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Variations in series 1 ,  III. IIIp, and IV populations 
Morphologically the indefinite frustule formers appear to group into 
three series. Series III can be separated into two groups based on habi­
tat, a planktonic group, and an attached group. Since the infraspecific 
taxonomy of T. flocculosa as emended by Knudson is based on colonial mor­
phology and specifically on indefinite frustule formation, I have to con­
clude that these groups are all "strains" of T. flocculosa (Roth) Kutz. 
var. flocculosa because they are all indefinite frustule formers and have 
zigzag colonial morphology. The term "strain" is defined here as a group 
of individuals which on the basis of their morphological or physiological 
similarity are considered to be genetically homogeneous. 
Series I is the group that deviates most from the classical concepts 
of T. flocculosa. Hustedt indicates that the median inflation should be 
considerably greater in width than the terminal inflations in order for the 
specimens to be considered T. flocculosa. In series I, however, the termi­
nal and median inflations are approximately equal in width. Some of 
Knudson's illustrations show strains of T. flocculosa where the median and 
terminal inflations are approximately equal (Knudson, 1953b) . A second way 
in which series I differs from the predominant concept of T. flocculosa is 
in the shape of the central area. In the specimens I have observed, the 
pseudoraphe runs unaltered through the center of the median inflation. The 
illustrations of T. flocculosa (Roth) Kutz. by Hustedt (1931), van Heurck 
(1881), Huber-Pestalozzi (1942), and Knudson (1952, 1953a, 1953b) all show 
a widening of the pseudoraphe at the median inflation to form a clear cen­
tral area. 
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Hustedt's illustration and description of T. fenestrata var. inter­
media Grun, in V.H. does not show a central area and is the published 
description which most closely resembles my series I. It is interesting to 
note that Knudson's illustration of the type material of T. fenestrata var. 
intermedia Grun. in V.H. differs from Hustedt's illustration in that it 
shows a central area, as does the original illustration by Grunow in 
van Heurck (1881). It is also interesting that Patrick and Reimer (1966) 
show a "classic" 2» flocculosa valve (Plate 1, Figure 4) without a central 
area. On the same plate (Plate 1, Figure 3), there is an illustration of a 
T. quadriseptata Knud. valve that appears almost identical in the surface 
morphology to my series I, including spines along the margin of the valve 
as are present in my series I. This should illustrate the difficulty in 
identifying forms of Tabellaria on valve surface features alone. 
In conclusion, series I has (1) indefinite frustule formation, 
(2) complete intercalary bands, (3) in some cases rudimentary septa, and 
(4) zigzag colonial morphology. On the basis of these characters, I am 
considering it as a morphologically distinguishable strain of Tabellaria 
flocculosa (Roth) Kutz. var. flocculosa as emended by Knudson (1952). I 
shall refer to it as strain I of this variety. 
The attached forms of series III and IV fit the classical concept of 
2- flocculosa (Roth) Kîitz. var. flocculosa and the concept of the species 
as emended by Knudson (1952). They can be separated morphologically from 
strain I because they both have a median inflation that is considerably 
wider than the terminal inflations, and the pseudoraphe widens at the 
median inflation to form a central area. 
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Series III and IV are morphologically separable from each other on the 
basis of differences in valve outline, width, and length ranges. Series IV 
is distinctly capitate for most of its length range, and the median infla­
tion abruptly widens to a width of 7.5 to 8.5 p,. Series III is not capi­
tate, and the median inflation does not widen as abruptly, becoming only 
4.7 to 6.6 jj, wide. The maximum length of series IV individuals observed in 
this study was 39 whereas the maximum length of series III individuals 
was 128 (J,. As with strain I, and for the same reasons, plus those charac­
ters associated with the median inflation and the central area, I have con­
cluded that series III and IV are morphologically distinguishable strains 
-of Tabellaria flocculosa (Roth) Klitz. var. flocculosa as emended by Knudson 
(1952). I will refer to them as strains III and IV of this variety. 
The planktonic strain IIIp is, within the same length range, morpho­
logically very similar to strain III with a few minor differences. The 
frustules of strain IIIp, as a rule, have a greater degree of twist and 
fewer intercalary bands per cell than strain III. It should be noted, how­
ever, that these morphological differences between these two strains may be 
due to the greater average length of the planktonic form and to the effects 
of the different microhabitats. Fewer intercalary bands per cell in the 
planktonic form may be a phenomenon associated with the longer average 
length of the frustules. In the attached forms, also, the longer frustules 
have fewer intercalary bands. 
The origin of the planktonic forms of Tabellaria each year has been a 
question for some time. Wesenberg-Lund (1908) indicated that the plank­
tonic forms originated from littoral, attached, zigzag colonies, breaking 
away and floating into the plankton. It was also indicated that these zig­
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zag colonies were transformed into stellate colonies in the plankton later 
in the season. In this study, I did not observe any evidence of this 
"seasonal dimorphism" in the structure of the planktonic colonies. The 
colonial morphology of the planktonic form is somewhat variable. In the 
material I examined from the sample area, the planktonic colonies are pre­
dominantly zigzag, with only a few colonies having some cells arranged in a 
stellate pattern. According to Knudson (1953a), this arrangement is not 
genetically stable. This means that these stellate or (partially stellate) 
forms should not be classified into the "genetically stable" stellate taxon 
Tabellaria flocculosa var. asterionelloides (Grun. in V.H.) Knud. and 
places them into the taxon Tabellaria flocculosa (Roth) Kutz. var. floc­
culosa as emended by Knudson (1952). 
As will be discussed later, I have found lakes where only the plank­
tonic forms were present, or at least I did not encounter the attached 
forms in my samples. If this is the case, as it appears to be, then there 
is no need to use Wesenberg-Lund's hypothesis to explain the origin of 
planktonic forms. It is possible, as with Asterionella, that the origin of 
the planktonic forms can be fully explained on the basis of perennial 
planktonic colonies (Lund, 1949; Knudson, 1952). Also, as will be seen 
later, the planktonic form wider distribution than the attached forms of 
Tabellaria. This should not rule out the possibility that part of the 
series IIIp populations could not have a littoral origin in those lakes 
where series III exists as an attached form. 
These observations indicate to me that the planktonic form may be a 
physiologically distinct strain, distinguishable on this basis from the 
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attached strain III. I will refer to it as strain IIIp of Tabellaria 
flocculosa (Roth) Kiitz. var. flocculosa as emended by Knudson (1952). 
In conclusion, on the basis of the taxonomic literature and observa­
tions of my material, I believe that the following scheme best describes 
the proper relationships between the forms of Tabellaria I have encountered 
in this study. 
Series I T. flocculosa (Roth) Kvitz. var. flocculosa^ Strain I 
Series II T. fenestrata (Lyngb.) KÂitz. var. fenestrata 
Series III--T. flocculosa (Roth) Kïitz. var. flocculosa^ Strain III 
Series IIIp-T. flocculosa (Roth) Kutz. var. flocculosa Strain IIIp 
Series IV T. flocculosa (Roth) Kiitz. var. flocculosa Strain IV 
This system is based on my observations and the taxonomic literature. 
However, there may be sufficient morphological evidence to consider raising 
strains I and III (IIIp) to separate varietal ranks based on the characters 
recognized in this study. 
^As emended by Knudson (1952). 
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ECOLOGY AND DISTRIBUTION 
Literature on Ecology and Distribution of Tabellaria 
It should be noted at the beginning of this literature review that the 
inclusion of all references to the ecology and distribution of algae would 
be an unmanageable task. However, those that appear most pertinent to 
diatoms in general and Tabellaria in particular are included. In many 
cases, it is difficult to determine which forms of Tabellaria are being 
considered in ecological works and when the concept of a particular taxon 
of Tabellaria is different from that recognized in this work; the name 
given in the published work will be followed in parentheses by the name of 
the form or forms to which it corresponds in this treatment. 
General considerations on distribution and ecology 
When compared with higher plants, many species of diatoms have very 
broad distribution, leading to the common belief that diatoms are generally 
cosmopolitan. However, Patrick (1948) suggests there is a significant 
degree of endemism on the part of 10 to 30% of the species. Many diatoms 
are limited to certain types of habitats, and the wide geographic distribu­
tion of such species is probably associated with the ease with which they 
can be carried from place to place by birds, insects, and wind. Provasoli 
and Pinter (1960) observed that the distribution of an algal species in 
freshwaters depends on one hand on the selective action of the chemical-
physical environment and on the other its ability to compete with other 
species living in the same ecological niche. 
The frequent occurrence of species in waters of a given geographic 
region is not difficult to explain, but accounting for discontinuous dis-
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tribution patterns over long distances is much more difficult. Patrick 
(1948) suggests that the reproductive behavior of diatoms may affect their 
distribution patterns. She notes that sexual processes in diatoms occur 
infrequently and, for most species, have not yet been observed. Thus, one 
of the most important factors associated with speciation does not occur or 
occurs at a very slow rate. Thus, the formation of new species, varieties, 
or ecotypes may be relatively slow in isolated populations. 
Environmental factors affecting the distribution of diatoms are dis­
cussed in many works including Patrick (1948), Hustedt (1930, 1931, 1938, 
1939, 1956), Cholnoky (1960, 1968), Patrick and Reimer (1966), Kolbe 
(1932), and Pearsall (1924, 1932). 
Tailing (1962) pointed out that aspects of freshwater algal ecology 
can be approached from observations of algal distribution in space and 
time, from the properties of population samples, and from their behavior in 
field and laboratory experiments. However, in order to understand the 
chemical and physical basis of the dynamics of algal growth, perodicity, 
abundance, and occurrence in nature, each species must be considered sepa­
rately. In this respect, taxonomy is the basis of ecology (Lund, 1957). 
It has been found that various species of diatoms are specific for one 
factor or another, and for this reason, diatoms have been useful in helping 
to interpret prehistoric water and climatic conditions (Patrick, 1948). 
Hustedt (1956) observed that to study the ecology of a single species of 
diatom, one should study in detail the physical and chemical variables in 
the habitat by means of controlled investigations where the results from 
numerous waters of separate geographical regions are compared. 
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Tailing (1962) indicated that a much wider range of behavior in algae 
can be followed under laboratory conditions, especially with culture mate­
rial, but its application to events in nature is usually by indirect infer­
ence or analogy. However, culture studies are required to establish the 
absolute nutrient requirements for each species. Hustedt (1956) cautioned 
that although the advantages of controlled laboratory experiments are self-
evident, one can never duplicate the conditions that prevail in the natural 
habitat. He indicated that in nature "factor complexes" are produced in 
which single ecological factors are more or less dependent upon one another. 
In order to observe the autecology of the species, one would have to inves­
tigate it in relation to all possible factor complexes and to do this for 
even a single species is very difficult. Consequently we are forced to 
investigate the factors singly, and the conclusions drawn from these 
studies are subordinant to this restriction. 
Tailing (1962) observed that differences in the algal floras of sepa­
rate water bodies can rarely be used to identify the response of a species 
to a single factor because many significant factors are likely to vary 
simultaneously, and their separation by an analysis of multiple correla­
tions must be far from complete. Such comparisons, however, have given 
valuable general information on the tolerances of many species groups. 
Weber (1972), in discussing the "indicator" concept, stated that it is 
pointless to discuss the implications of diatom community composition at 
the genus level. Full confidence in the indicator species concept will not 
be achieved until the dominant species are studied in unialgal or axenic 
culture under conditions approximating the natural environment. Prescott 
(1939) indicated also that culture studies were necessary. Lund (1957) 
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summarized some observations in the literature by saying that water chemis­
try, as it is practiced, is of little assistance in elucidating the causes 
of abundance and periodicity of algae, however, observations of the natural 
habitat can show which algae are growing in any variation of nutrient sup­
plies . 
Generally, some of the environmental factors considered as important 
in affecting the distribution of diatoms are the availability of a type of 
microhabitat, type of body of water, gross differences in nutrient levels, 
overall chemical and physical characteristics of waters, specific chemical 
composition of the dissolved nutrients, climatic conditions, geography, 
geology, and any combination of these factors (Patrick, 1948; Prescott, 
1968). Although the attempt to isolate any one factor as limiting the 
distribution of Tabellaria is fraught with difficulty, it appears necessary 
to discuss various factors individually. 
Hustedt (1949) observed that both T. fenestrate and T. flocculosa are 
cosmopolitan species. The wide geographic distribution of Tabellaria is 
well documented in the works of Hustedt (1930, 1931, 1938, 1939, 1949), 
Cleve-Euler (1952), Foged (1954, 1964), Round (1960), Knudson (1955), 
Brook (1971), Krasske (1938), and many others. In the United States, 
Boyer (1916), Smith (1950), and Patrick and Reimer (1966) have noted its 
wide distribution. The distribution records for Tabellaria on file at the 
Academy of Natural Sciences of Philadelphia show that it has been encoun­
tered in collections for Alabama, Alaska, California, Connecticut, Dela­
ware, Florida, Georgia, Illinois, Indiana, Maryland, Michigan, Minnesota, 
Montana, New Hampshire, New Jersey, North Carolina, Ohio, Pennsylvania, 
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South Carolina, Tennessee, Utah, Virginia, Washington, Wyoming, and 
Canada.^ 
Distribution and ecology of Tabellaria in relation to various environmental 
parameters 
Hydrogen ion concentration One of the most frequently measured 
parameters in ecological studies of algae is the pH value. The distribu­
tion of diatoms seems to be greatly influenced by this parameter with the 
greatest species diversity occurring in circumneutral waters (Patrick, 
1948). 
Many biologists, however, question the importance of pH in affecting 
diatom distribution since it is a metastable factor (Hustedt, 1956; 
Merilainen, 1967). Cholnoky (1960, 1968) indicated that the degree of 
fluctuation in pH may be more important than the pH value itself. One 
should not only think of its direct effect on the organisms but also of 
such indirect effects as on the•solubility of iron and manganese (Patrick, 
1948). Lund (1965) stated that the early belief in the great importance of 
pH as an ecological factor has waned, and it should be looked upon as an 
indicator of the aquatic environment. Prescott (1968) observed that pH is 
probably of little direct importance in determining algal distribution 
though it can be used as a "flag" to reflect the chemical conditions which 
are critical. 
The pH is affected and controlled by the carbonate-bicarbonate buffer 
system in most inland waters. In dystrophic waters that generally have a 
^Reiner, C. W., Academy of Natural Sciences, Philadelphia, Penn-, per­
sonal communication, 1970. 
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low pH, it is regulated by the presence of humic acids. Foged (1968) and 
Whitford (1960) observed that there seems to be a connection between pH 
values and the nutrient condition such that waters with low pH values have 
a small amount of nutrient material available for aquatic microphytes, 
while alkaline waters often have higher nutrient content. 
Hustedt (1938, 1939) proposed a system for the grouping of diatom 
species according to the pH conditions under which they are found. His 
system can be summarized as follows: 
alkalibontic occurring at pH values above 7 
alkaliphilous occurring at pH values about 7 with widest dis­
tribution above 7 
indifferent occurring around pH 7 
acidophilous occurring at about pH 7 with widest distribution 
at pH values below 7 
acidobiontic occurring at pH values below 7, with optimum 
distribution at pH 5.5 or less 
Hustedt (1930, 1931, 1938, 1939) indicates that T. flocculosa (strain 
IV) prefers acid bog-like waters to neutral waters. Patrick (1948) states 
that %. flocculosa (strain IV) has been found in waters with pH values 
below 3.5. Quennerstedt (1955), Round (1960), and Patrick (1948) indicate 
that this taxon favors acid waters. Foged (1947a, 1947b, 1948a, 1948b, 
1954, 1964), Merilainen (1969), Allen and VanLandingham (1970), van der 
Wcrff and Huls (1957), Neissen (1956), and Nygaard (1956) consider T. floc­
culosa (strain IV) as an acidophilic form. Merilainen (1967) observed that 
jC. flocculosa (strain IV) occurred with greatest frequency in the pH range 
of 6.6 to 7.0. Neissen (1956) found that 2- flocculosa (strain IV) was 
characteristic of waters in the pH range of 5 to 6, but it was frequently 
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encountered in waters in the pH range of 7 to 8.5. Patrick and Reimer 
(1966) in describing the ecology of T. flocculosa observed that it had a 
wide distribution, however, the shorter specimens (strain IV) preferred the 
acid waters of bogs. 
In a study of some Irish loughs, Round (1959) observed that T. floc­
culosa (Roth) Kutz. var. flocculosa (strain III) was common in the acid 
waters but also was encountered in some of the calcareous alkaline locali­
ties also. However, he concluded that it was an indicator of acid waters, 
but since it can occur in alkaline habitats, it is a good example of the 
wide pH range over which some species are able to exist. T. flocculosa was 
found to be common in the sediments of some Finnish lakes with low pH 
values (Round, 1960). 
Hustedt (1956), Foged (1954), Merilainen (1969), and Nygaard (1956) 
classified 2- fenestrata (T. flocculosa strains I and III and T. fenestrate) 
as an acidophilic organism. Merilainen (1967) found that T. fenestrata 
(2" flocculosa strains I and III and 2- fenestrata) was encountered in sam­
ples taken from Finnish lakes with pH range of 4.4 to 9.4. A. van der 
Werff and Huls (1957) considered T. fenestrata (T. flocculosa strain I and 
III and T. fenestrata) as an alkaliphilous organism, with an optimum pH 
between 5.0 and 8.5. Neissen (1956) concluded that the optimum pH and the 
pH at which this taxon has maximum development is in the range of 7 to 8.5. 
Foged (1958) and Allen and VanLandingham (1970) placed %. fenestrata 
(T. flocculosa strains I and III and fenestrata) in the pH indifferent 
category. Patrick and Reimer (1966) stated that T. fenestrata preferred 
circumneutral waters. 
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In an investigation of the Funen lakes of Denmark, Tabellaria species 
were found throughout the entire area but were more frequent in waters with 
pH range of 5.5 to 7.4 (Foged, 1954). Also, Foged classified the genus 
Tabellaria as an acidophilous group but observed that it may appear in 
small numbers in clearly calcareous, alkaline habitats and may be extremely 
frequent in circumneutral waters. Because of its occurrence in circumneu-
tral waters, it may be considered as pH indifferent by some authors. 
Cholnoky (1958) observed that all Tabellaria species are reliable indica­
tors of acid conditions assuming that they occur frequently enough to be 
conspicuous in the association in question. 
Alkalinity A parameter of the aquatic environment that is fre­
quently measured but sometimes disregarded or not discussed is alkalinity 
(Cholnoky, 1968). Values for this parameter are sometimes inferred from 
carbonate hardness values, since carbonate hardness refers to that part of 
the total hardness that is equal to the bicarbonate plus the carbonate 
alkalinities present in natural waters (Sawyer and McCarty, 1967). 
The alkalinity of a water is a measure of its capacity to neutralize 
acids. The alkalinity of natural waters is due primarily to the salts of 
weak acids and a few organic acids that are quite resistant to oxidation. 
Bicarbonates represent the major form of alkalinity, but under certain con­
ditions carbonates and hydroxides can account for appreciable amounts of 
the alkalinity value. Waters with high alkalinity values exhibit lower 
fluctuations in pH values and usually have high average pH. Hustedt (1956) 
discusses the alkaline character of inland waters and indicates that alka­
linity is due to the presence of dissolved calcium bicarbonate and plays an 
essential role not only as a nutrient but as a buffer also. He notes that 
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with a distinct drop in alkalinity acidophilic to acidobiontic species of 
diatoms appear with greater frequency. This phenomenon could be due to the 
presence of the material causing the alkalinity, and the pH value would be 
of minor importance. Patrick (1948) observed that most diatoms require a 
carbonate hardness above 3 mg/1. Cholnoky (1968) indicates that the ' 
degree of fluctuation in pH value may be more important in regulating the 
distribution of diatoms than the actual average pH value, thus, alkalinity 
which controls pH fluctuations would be a more stable parameter to con­
sider. Lund (1965) states that alkalinity should be looked upon only as an 
indicator of the chemical environment. 
Alkalinity as a factor affecting the distribution of diatoms is of 
special importance to this study. Knudson (1954) concluded from her 
studies of Tabellaria in the English Lake District that alkalinity is one 
factor with which the occurrence of species of Tabellaria can be correlated. 
However, it is an especially important point in her studies that Tabellaria 
species did not occur in all waters of their known alkalinity range. 
Knudson observed that 2- fenestrata occurred in waters whose mean 
alkalinity value exceed 2.1 mg/1 with the lowest alkalinity recorded for 
waters containing this species being 1.3 mg/1 and the highest being 
37.4 mg/1- T. quadriseptata occurred in waters whose alkalinity did not 
exceed 4.7 mg/1. T. flocculosa occurred in waters with alkalinity values 
up to 112 mg/1 and was observed to have a wider alkalinity tolerance than 
any of the other species she recognized. 
Hardness Total hardness is generally considered as a measure of 
the total amount of alkaline earths present without regard to the anions to 
which they are bound (Ruttner, 1963). The principal cations that cause 
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hardness are calcium and magnesium, usually in that order. In most waters 
there are small contributions due to strontium, manganous, and ferrous ions 
(Sawyer and McCarty, 1967). In many limnological works, it is customary to 
use the terms carbonate hardness and permanent hardness, however, these 
terms refer to the anions with which the alkaline earths are combined. 
Prescott (1968) observed that the genus Tabellaria is a well known euplank-
tonic group of organisms in hardwater lakes. 
Patrick (1948) indicates that calcium is important as a nutrient for 
diatoms and is important as part of the buffering system of natural waters. 
Lund (1965) and Patrick and Reimer (1966) considered the role of calcium as 
a part of the carbon dioxide-bicarbonate system as its major contribution. 
Pearsall (1932) concluded from his studies in the English Lake District 
that calcium rich waters favored the growth of diatoms. 
Some diatom species do not grow well in calcium rich waters and are 
considered calciphobes. Others seem to thrive in waters with high calcium 
concentrations and are considered calciphilic (Patrick, 1948; Provasoli and 
Pinter, 1960). Lund (1965) observed that the distribution of relatively 
few planktonic forms is restricted by the amount of calcium. 
Chu (1942) in culture studies observed that T. flocculosa (strain IV) 
can withstand high concentrations of calcium and showed no inhibition in 
cultures of up to 91 ppm calcium. However, this species also grew well at 
very low concentrations of calcium. Pearsall (1932) noted that T. floc­
culosa (strain IV) was one of the few diatoms which occurred in two English 
lakes during times of low calcium concentrations. Neissen (1956) listed 
T. flocculosa (strain IV) as characteristic of waters with a calcium range 
of 0-140 mg/1 and as a calcium indifferent form. A. van der Werff and Huls 
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(1957) indicated that %. flocculosa (strain IV) could be found in waters 
with a calcium range of 0 to 420 ppm. Patrick (1948) observed that 
T. flocculosa (strain IV) seems to require a very definite calcium to iron 
ratio. 
T. fenestrate (T. flocculosa strains I and III and T. fenestrate) was 
found to be characteristic of waters with a calcium range of 140 to 280 ppm 
and was considered calcium indifferent (Neissen, 1955; van der Werff and 
Huls, 1957). 
Magnesium, the other major cation accounting for a significant part of 
the total hardness, is not considered as affecting the distribution of 
diatoms. However, it is known as a necessary nutrient for the growth of 
algae (Fogg, 1966). Goldman (1961) determined that in Brooks Lake, Alaska, 
magnesium was the element most limiting the plankton production in June, 
when Chrysophyta and Chlorophyta were dominant. Eyster (1958) found a lake 
where waters were deficient in magnesium for the non-planktonic algae that 
he used in a bioassay. However, the very low concentrations of magnesium 
in ponds at Mount Kenya had no adverse affect on algae production. 
Chu (1942) found in culture that low concentrations of magnesium had a 
less deleterious effect on T. flocculosa (strain IV) than on other plank-
tonic diatoms tested. 
Conductivity, salinity, and chloride Conductivity of waters is a 
measure of the total ionic content while salinity is defined as the sum of 
the ionic concentration of magnesium, calcium, potassium, sodium, chloride, 
sulfate, and total alkalinity measured as carbon (Hutchinson, 1957). 
Bright (1968) found in the surface waters of Minnesota the relationship 
between conductivity and salinity fits a straight line regression. 
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Dissolved salts have two effects upon aquatic organisms. The first is 
related to the nature of the ions in solution and to their specific actions 
on living cells. The second, the osmotic effect, depends essentially on 
the total number of dissolved particles and directly influences the move­
ment of water into or out of cells (Guillard, 1962). Salinity as a factor 
affecting the distribution of diatoms was apparent to early workers who 
initially grouped them into marine, brackish water, and freshwater forms 
(see comments by Patrick, 1948; Hustedt, 1956). However, these categories 
were generally considered to be based on the chloride (NaCl) concentrations 
of various waters and, as noted by Patrick (1948) and Hustedt (1956), 
chloride is of paramount importance in affecting the distribution of 
diatoms. Kolbe (1927, 1932) described a system for grouping diatoms based 
on the concentration of salt in waters. Allen and VanLandingham (1970) 
summarized Kolbe's "halobian" system as follows: 
Oligohalobous mainly widespread in freshwater, 0-0.5% salt 
Halophobes forms almost shunning salt, found particularly 
in chloride deficient waters 
Indifferent freshwater forms proper 
Halophilous mainly widespread in freshwater, but not uncom­
mon in slightly brackish water 
Mesohalobians brackish water forms 0.5-2% salt content 
Euhalobians marine forms 3-4% salt content 
Polyhalobians can tolerate salt content greater than that of 
the ocean 
Cholnoky (1960) indicated that the hypothetical explanation of the 
cause of salt concentrations affecting the distribution of diatoms was the 
influence of the chloride ion, and up to recent times the chloride ion was 
the yardstick of the ecological character of species. However, further 
investigations showed that the chloride ion as a means of explaining the 
distribution of algae was not sufficient. Osmotic pressure, rather than 
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the occurrence of chloride ions, or the composition of the salts was a much 
more probable controlling factor although these factors would have a sub­
ordinate effect. He went on to indicate that it was not the concentration 
of the salts per se but dynamic fluctuations in salt concentrations that 
affected algal distribution. Cholnoky indicated that Kolbe's polyhalobes 
occurred where salt concentrations were high and constant, oligohalobes 
occurred where salt concentrations were low, and mesohalobes occurred where 
there were large fluctuations in salt content. 
The importance of chloride alone, as limiting distribution of algae, 
may be overemphasized because of the relative ease of estimating its con­
centration and so using it as an indicator of salinity (Lund, 1965). 
Hustedt (1930, 1931), van Heurck (1896), and Huber-Pestalozzi (1942) 
observed that 2- flocculosa (strain IV) occurs in dystrophic waters with 
low salinity. Neissen (1956), Round (1960), Quennerstedt (1955) stated that 
%. flocculosa (strain IV) occurs in waters of low conductivity. Molder and 
Tynni (1969) and van der Werff and Huls (1957) classified strain IV as a 
freshwater form. Allen and VanLandingham (1970), Foged (1947a, 1947b, 
1948a, 1948b, 1954, 1964), Peterson (1943), and Patrick (1948) placed 
T. flocculosa (strain IV) in the halophobic grouping of Kolbe. 
Hustedt (1930, 1931), Huber-Pestalozzi (1942), and van der Werff and 
Huls (1957) recorded that %. fenestrata (%. flocculosa strains I and III 
and T. fenestrata) occur occasionally in weakly brackish water. Neissen 
(1956) and Allen and VanLandingham (1970) considered this taxon as an 
indifferent form in the halobian spectrum. Foged (1947a, 1947b, 1948a, 
1948b, 1954) considered T. fenestrata (T. flocculosa strains I and III and 
T. fenestrata) as a halophobous form, and Patrick (1948) indicated that it 
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may be found under conditions of low concentrations of dissolved substances. 
Brook (1971) has shown that T. fenestrata is limited to waters with the 
lowest salinity in Minnesota (10 to 50 mg/1). 
Other dissolved substances The dissolved substances discussed 
prior to this point along with sulfate, potassium, and sodium make up the 
major portion of the dissolved solutes in the surface waters of the study 
area (Bright, 1968; Moyle, 1945a). 
Patrick (1948) inferred that the concentration of sulfate may have 
very little effect on the distribution of diatoms other than a contribution 
to the total salinity of the waters. Sulfate was one of the parameters 
used by Moyle (1945b) to distinguish between the various types of waters in 
Minnesota. Sodium and potassium determinations were not made in this study. 
This is unfortunate because Lund (1965) indicates that sodium may be one of 
the factors which determines the species that will be present in some 
waters. Although potassium concentrations do have an affect on the physi­
ology of algae (Holm-Hansen, 1962; Eppley, 1962). Lund (1965) observed 
that potassium is generally considered to have little important influence 
on the ecology of algae. 
Another factor which historically has been considered as being of some 
importance in distinguishing between the habitats where different species 
of algae are found is the ratio of monovalent to divalent ions. Pearsall 
(1932) observed that when this ratio is small (less than 1.5), oil-produc­
ing organisms (diatoms) predominate. Lund (1965) indicates that this ratio 
can affect the constitution of the flora, however. Tailing (1962) observed 
that, despite the amount of attention this ratio has had, apparently no 
well established ecological consequence in freshwaters has been proven. 
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Since diatoms have siliceous walls, one might readily infer that 
silica is an indispensable nutrient for this group. However, evidence sug­
gests that adequate silica is present in most waters, and concentration 
differences have not been observed to have any influence on diatom distri­
bution (Hustedt, 1956). Lewin (1962) indicates that diatoms apparently 
have an absolute requirement for silica. She also indicates that reduced 
sulfur compounds may be involved in silica uptake. 
The silica that diatoms use in their nutrition is the relatively 
simple form (e.g., ortho-silicate) which is estimated by the standard 
methods of water analysis (Lund, 1965). Pearsall (1932) observed that a 
drop in silica caused a decline in diatom populations and found that they 
could not reproduce in silica concentrations of less than 0.5 mg/1. Lund 
(1950a, 1950b) found that the spring Asterionella pulse is brought to a 
close by depletion of the available silica and confirmed Pearsall's obser­
vation cited above. 
Lund (1950a, 1950b) states that Tabellaria maxima in some cases follow 
Asterionella maxima which have decreased the silica content of the water. 
He found that Tabellaria was limited in nature by concentrations of silica 
of less than 0.5 mg/1 (Lund, 1964), A. van der Werff and Huls (1957) 
rernrds the -range of silica concentration for Tabellaria to be from 
0-4 mg/1. Kilham (1971) observed that Tabellaria could be dominant in the 
phytoplankton when silica concentrations ranged from 0.2 to approximately 
1.7 mg/1. 
Stoermer and Kopczynska (1967) considered 2- fenestrata (T. floc-
culosa strain III) at the most ubiquitous of the planktonic diatoms in Lake 
Michigan. But in Lake Michigan, the average T. flocculosa populations at 
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the inshore stations were greater than at the offshore stations (Holland 
and Beeton, 1972), and it is interesting to note that this difference was 
attributed to the greater concentration of nutrients at the inshore sta­
tions. However, it should be noted clearly that the silica concentrations 
at the inshore stations were lower than at the offshore stations. Kilham 
(1971) hypothesized that Tabellaria probably has a slower uptake rate for 
silica than some other diatoms, i.e., Asterionella, hence, in eutrophic 
conditions when silica is not limiting, Tabellaria cannot compete with 
species which have greater silica uptake rates, and, thus, faster growth 
rates. However, when the silica concentration is depleted by diatom 
growth, it drops below the optimum level for diatoms with greater uptake 
rates. Tabellaria is then able to compete successfully under these low 
silica conditions and can dominate the plankton. 
The chemistry of living matter is such that iron must be essential for 
all life. The availability of iron for algae is a difficult topic to con­
sider. The amounts of iron in true inorganic solutions are extraordinarily 
small except under very acid or anaerobic conditions (Tailing, 1962; Lund, 
1965). Uspenski (1927) indicated that iron concentration is as important in 
influencing the distribution of algae as chloride. He states that the 
optimum concentration for most algae lies between 2.5 and 5 mg/1. Neissen 
(1956) observed in her study that almost all of the frequent occurring 
diatoms had their best development in waters with iron concentrations of 0 
to 2.5 mg/1. Hustedt (1956) indicated that more study was necessary to 
determine the influence of iron and manganese on the distribution of 
diatoms. 
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Patrick (1948) observed that T. flocculosa (strain IV) seems to 
require a definite calcium to iron ratio- Neissen (1956) considered 
T. flocculosa (strain IV) as indifferent to iron concentration. A. van der 
Werff and Huls (1957) cited the optimum iron range of 0 to 2.5 mg/1, and 
0 to 7.5 mg/1 FCgOg is considered optimum by Neissen (1956). 
The availability of iron often seems to be dependent upon the organic 
matter present. It has been found that a substantial portion of the iron 
exists in the ferrous state in humic acid waters (Gjessing, 1964). Shapiro 
(1964, 1967) indicates that humic acids can affect iron availability by 
chelating or peptizing it. 
Manganese has been proven to be important to the nutrition of a few 
algal species (Provasoli and Pinter, 1960; Wiessner, 1962; Lund, 1965). 
Harvey (1937) found that a marine diatom was found to require manganese, 
but a concentration of 1 ppb was sufficient for vigorous growth. Goldman 
(1964) found that manganese was limiting production in waters in Alaska, 
California, and New Zealand. The effect of manganese concentration on 
Tabellaria distribution does not seem to be considered in the literature. 
The occurrence in waters of organic substances may be important in 
affecting the distribution of diatoms. Patrick (1948) indicated that some 
diatoms prefer waters of high humic acid content, however, it may be the 
low salt concentrations associated with these waters that determine their 
occurrence. Peterson (1943) found that lakes and bogs with similar chemi­
cal content but different humic acid concentrations supported different 
diatom floras. As was cited previously, Shapiro (1964, 1967) found that 
the effect of humic acids may be in their ability to reduce, chelate, or 
peptize metals such as iron and manganese and thus affect their availabil­
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ity. Also, as has been noted previously, humic acids can contribute to the 
alkalinity of waters, therefore, they are involved in the buffer system. 
Waters which are high in humic acids are considered as dystrophic. The 
discussion of dystrophic waters and Tabellaria distribution is deferred to 
the section of this paper on general trophic levels. 
Other organic substances in waters may be of importance in distribu­
tion of algae (Lund, 1965). He observed that vitamins are essential for 
many algae, Provasoli (1958) considered T. flocculosa as an autoauxo-
trophic form. 
Nitrogen is usually found in natural waters in adequate amounts, and 
for that reason, it is questionable that it is limiting to the geographic 
distribution of any diatom species (Hustedt, 1956). However, evidence has 
been found that in many situations nitrogen is the factor that limits pro­
duction (Lund, 1965). 
It is apparent that Tabellaria is less tolerant of phosphate than 
other species of algae (Hutchinson, 1967). Chu (1943) observed that the 
upper limit for T. flocculosa was lower than for other species tested but 
still was beyond the phosphorus range occurring in natural waters. The 
range affording optimum growth was determined in culture to be 0.018 to 
8.9 ppm phosphorus. At 0.0089 mg/1 there was severe phosphorus deficiency, 
and at concentrations of 17.8 ppm phosphorus, there was a serious inhibi­
tion effect in the cultures. 
Since phosphate and nitrate are considered as important in the process 
of lake eutrophication, and due to the historical importance of Tabellaria 
as an indicator of eutrophication, further discussion of these ions is 
deferred to the section on general trophic levels of waters. 
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Other nutrients such as cobalt, molybdenum, zinc, and copper have an 
effect on limiting production, but information on their importance in 
limiting the distribution of diatoms seems to be somewhat scarce. 
Distribution of Tabellaria and the general trophic status of waters 
The general nutrient status ot the waters in which algal species occur is 
another factor that is used to describe their ecology. This discussion was 
left until last because the concentrations of the various ions in the 
aquatic habitat which were discussed previously are generally indicative of 
the nutrient status of the waters. 
Pearsall (1924) divided the lakes in the English Lake District into 
rocky or silted categories. The rocky lakes were low in calcium, silica, 
carbonate, and organic matter, had a low productivity, and were considered 
oligotrophic. The silt lakes of Pearsall (1924) were characterized by 
having high concentrations of calcium, silica, carbonate, and organic mat­
ter, had high productivity, and were considered eutrophic. Waters inter­
mediate between these two extremes are considered mesotrophic. A fourth 
category of lake, dystrophic, refers to the so-called brown-water lakes 
that are rich in humâtes, low in dissolved nutrients, and low in production 
(Ruttner, 1963; Patrick and Reimer, 1966; Hutchinson, 1967). Dystrophic 
waters usually have a characteristic diatom flora. 
Production is the usual measure of the trophic status of a body of 
water. Since the measurement of production is beyond the scope of this 
work, the other parameters measured during the study are used to infer the 
trophic conditions of the waters investigated. Whitford (1960) observed 
that a eutrophic habitat is one with a high pH where available organic mat­
ter is rapidly reduced to liberate an abundance of vital mineral elements 
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and an oligotrophia habitat has a low pH and mineral nutrient concentra­
tions are low. Lund (1957) found that on the average the standing crop of 
plankton is greater in waters with greater total concent of ions. Also, he 
found that the greater the concentration of calcium bicarbonate, the 
greater the standing crop. Moyle (1949) demonstrated that total alkalinity 
and phosphate concentration were the best indicies of productivity in the 
Minnesota lakes. In terms of the trophic spectrum, it would appear that 
those waters with low conductivity would be oligo-dystrophic, those with 
intermediate conductivity would be mesotrophic, and those with highest con­
ductivities would be eutrophic (Prescott, 1968). There are, of course, 
factors concerned with the specific characteristics of individual bodies of 
water that would affect this conclusion as an assessment of their trophic 
status, however, on the average over a broad range of waters, it would be a 
relatively safe assumption. 
The trophic status of waters in which the forms of Tabellaria are 
found is of special importance. Schroter (1896) observed the sudden 
appearance of %. fenestrata (T. flocculosa strain III and var. asterionel-
loides) in the Zurichsee, and since that time, Tabellaria species have 
become the classic example of the occurrence of an organism in relation to 
the eutrophication process (Lehn, 1969). However, Knudson (1954) pointed 
out that bottom deposits from the Zurichsee were examined by Nipkow, and 
T. fenestrata var. intermedia (T. flocculosa) was present in the pre-1896 
levels. In Knudson's studies of Tabellaria in the English Lake District, 
she was unable to clarify this problem because those waters with the lowest 
trophic status had considerable populations of Tabellaria in them. 
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Hustedt (1931) and Huber-Pestalozzi (1942) described the planktonic 
T. fenestrata (^. flocculosa strain III) as a species of wide distribution 
and frequency that inhabits mesotrophic and eutrophic waters, tolerating at 
times weakly brackish waters, Liebmann (1951) placed T. fenestrata 
(T. flocculosa strain III) in the saprobic spectrum as a beta mesosaprobic 
organism. Grim (1955) held that T. fenestrata (%. flocculosa strain III) 
is not, in his opinion, an indicator of human involved eutrophication. 
Lehn (1969) observed that T. fenestrata (T. flocculosa strain III) had 
occurred in various parts of the Bodensee since 1890 and in other parts 
since 1928. The massive occurrences were observed first in 1939. During 
1950 to 1960, fenestrata (T. flocculosa strain III) occurred to a large 
extent in all parts of the Bodensee. The large populations of this organ­
ism were accompanied by an increase in phosphate and a gradual decrease in 
transparency (transparency is used here as an index of productivity). Lang 
(1957) also pointed out that the great increase in T. fenestrata (%. floc­
culosa strain III) in the Bodensee was accompanied by an concomitant 
increase in nitrate and phosphate. In 1961-62, %. fenestrata (T. floc­
culosa strain III) suddenly disappeared from the phytoplankton of the 
Bodensee with phosphate levels between 10 and 60 p,g/l phosphate phosphorus. 
Lehn (1969) indicated that one might interpret this data by concluding that 
T. fenestrata (T. flocculosa strain III) is a "phosphate stenotrophic" 
organism. However, since large populations of T. fenestrata (T. flocculosa 
strain III) occur in the Zurichsee with phosphate levels ten times the con­
centrations that appear in the Bodensee, one could not draw this conclusion. 
Lehn (1969) indicated that a parasitic infection could have been respon­
sible for the disappearance of this taxon from the Bodensee plankton. This 
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is a possibility since flocculosa and T. fenestrate are both parasitized 
by the chytrid parasite, Chytridomyces tabellariae (Schroter) Canter 
(Canter and Lund, 1951). 
Patrick (1948) stated that T. fenestrata (%. flocculosa strains I and 
III and T. fenestrata) was found in oligotrophic waters. Pearsall (1932) 
found that planktonic Tabellaria species tended to follow Asterionella 
blooms in calcareous waters after the Asterionella had depleted the nutri­
ents. He concluded that this was an indication that Tabellaria species 
tended to favor environments with low nutrient content. Hutchinson (1967) 
has drawn similar conclusions, and one can infer these conclusions when 
examining Lund's work on Asterionella. 
Round and Brook (1959) in studying the phytoplankton of 27 Irish 
loughs found that T. flocculosa (strain III) was present in greater fre­
quency in oligotrophic-non-calcareous waters but occurred in all classifi­
cations of waters. When the varieties of T. flocculosa recognized in their 
study are taken together, they occurred in high concentrations in all clas­
sifications of waters in Ireland. This illustrates the broad range over 
which the forms of %. flocculosa can occur. T. fenestrata was not encoun­
tered in any great abundance in any of these waters (Round and Brook, 1959), 
but it should be recalled that Knudson (1952) considers this an attached 
form. Round (1960) in an investigation of 18 Finish Lakes found that of 
all the species encountered in his study, Tabellaria species were dominant. 
He stated that this strongly indicates the oligo-dystrophic nature of these 
waters. 
Brook (1971) observed that in the summer plankton in Minnesota, 
T. fenestrata was found in the lowest salinity range only and appeared to 
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be the most oligotrophia of the summer plankton. His concept of T. fene-
strata was essentially the same as used in this study, but I think he was 
observing colonies in the plankton that were actually produced while 
attached to some substrate and had broken off into the plankton. Brook 
indicated that flocculosa var. flocculosa was one of the most common 
dominants in the plankton of the more oligotrophic of Minnesota's waters. 
When the dominant flora as represented in epipelic samples is summa­
rized from various lake regions discussed in the literature, the following 
summary can be made. T. flocculosa was found as a dominant in (a) the 
waters of Finland which are 9/10 oligotrophia-dystrophic, (b) in Round's 
(1959) group I which are those waters in the English Lake District with 
poor nutrient status, and in (c) the acid Irish loughs (Round, 1959) char­
acterized by low nutrients. %. flocculosa was absent from the English 
lakes Group II (Round, 1959), the alkaline Irish loughs (Round, 1959), and 
other highly calcareous-eutrophic habitats. 
Hustedt (1931, 1930) and Krasske (1938) indicated that %. flocculosa 
(strain IV) is widely distributed in dystrophic waters. Patrick and Reimer 
(1966) state that T. flocculosa var. flocculosa has a wide tolerance to 
different types of waters. The specimens with shorter frustules (strain 
IV) are more often found in acid waters of bogs and ponds while those with 
longer frustules (strains I and III) seem to be more often found in oligo­
trophic to mesotrophic waters. They indicate that T. fenestrata seems to 
prefer lakes or ponds which are mesotrophic to eutrophic, with circumneu-
tral waters. 
Hustedt (1930), Foged (1951), Cleve-Euler (1952), and van der Werff 
and Huls (1957) classify T. flocculosa (strain IV) as an oligotrophic-
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dystrophic type and planktonic T. fenestrata var. intermedia (T. flocculosa 
strain I and III) as occurring in mesotrophic lakes. Rawson (1956), 
Teiling (1955), Jarnefelt (1958), Hutchinson (1967), and Hines (1971) indi­
cated that the genus Tabellaria is characteristic of oligotrophic waters. 
Stoermer and Yang (1969) indicated that the decrease in the relative fre­
quency of Tabellaria and six other taxa would be the first indication of 
serious disturbance of portions of Lake Michigan. 
It is clear from the above discussion that there is some doubt whether 
Tabellaria species are simple indicators of eutrophic conditions in natural 
waters. 
The apparent uncertainty about many aspects of the ecology of algae, 
despite the large amount of published work, may be ascribed to the large 
number of factors involved, their interrelationships with one another, the 
rapidity with which the environment changes, and the diverse responses of 
the algae themselves (Lund, 1965). 
Ecological Results 
Geographic distribution of Tabellaria in the study area 
Originally this study was designed to determine the limits of distri­
bution of the genus Tabellaria in the study area, and Figure 21 illustrates 
those stations where some form of Tabellaria was encountered during the 
study. At the circled stations, Tabellaria was encountered in one of the 
basic microhabitat collections of living diatoms. 
An "X" next to the circle indicates a station where Tabellaria was 
encountered in the sediment only. In Figure 22, which is the reciprocal of 
Figure 21. The distribution of Tabellaria in the study area. Those stations where Tabellaria was 
found are circled. The stations where Tabellaria was found in the sediment samples only 
are indicated with an "X." The heavy lines separate the major distribution regions as 
discussed in the text 
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Figure 21, the Tabellaria negative stations are circled, and those where it 
was found in sediment collections only are indicated with an "X." 
Of the 101 stations sampled, 68 stations were recorded as having some 
form of Tabellaria represented in the collections, and 33 stations were 
found to be Tabellaria negative. As discussed below, the study area can be 
further subdivided into three more or less distinct Tabellaria distribution 
regions, the boundaries of which are indicated on Figures 21 and 22. 
The first distribution region includes the northeastern half of 
Minnesota and the northern third of Wisconsin. In this region Tabellaria 
was found in the collections of extant diatom floras at all stations except 
one. The first distribution region grades into a second region along its 
western and southern borders. In this second region, some stations were 
found to have Tabellaria in the collections of extant diatoms, some sta­
tions were found to be Tabellaria negative, and at other stations Tabel­
laria was encountered in the sediment collections only- This region is the 
transition zone between the Tabellaria positive region to its north and 
east and the Tabellaria negative region on its south and west margin. The 
margin of this transition zone is the "Tabellaria Line." 
The third distribution region is located to the south and west of the 
"transition zone." Within this region, Tabellaria may occasionally appear 
in the sediment collections only. For practical purposes, this can be con­
sidered as a Tabellaria negative region. The validity of this assumption 
for southern Wisconsin and northern Illinois is questionable because of 
numerous reports of Tabellaria from Illinois, in the files of the Academy 
Figure 22. The distribution of Tabellaria in the study area. Those stations where Tabellaria was 
not encountered are circled, and those where it was encountered only in the sediment sam­
ples are circled and indicated by an "X." The heavy lines separate the major distribu­
tion regions as discussed in the text 
c It* 
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of Natural Sciences of Philadelphia, and due to practical limitations on 
size of the area investigated in this study.^ 
As indicated previously, this study was designed originally to deter­
mine the distribution of the genus Tabellaria in the study area without 
regard to the specific forms of the genus. However, the need for a taxo-
nomic study of the forms of Tabellaria was dictated by the fact that these 
different forms had quite different distribution patterns. Thus, the dis­
tribution of the four morphological variants was mapped in addition to that 
of the genus as a whole. 
The distribution of strains III and IIIp of T. flocculosa will be con­
sidered together because of the difficulty in separating them morphologi­
cally in scanning counts. The use of microhabitat information as an aid in 
separating them was not always possible, particularly when they were encoun­
tered in the sediment collection only. 
The distribution of these two strains is mapped in Figure 23. Those 
stations where T. flocculosa strain III was encountered both in samples of 
plankton and attached forms are indicated on the map with a circle, those 
stations where it was observed only in the plankton are designated by a "P" 
next to the circle, and those where it was encountered only in sediment 
collections are indicated with an "X" next to the circle. It should be 
noted that in all but one case (Station #67), when strain III occurred as 
an attached form, it occurred also in the plankton. However, in ten cases 
strain III occurred in the plankton and not in the attached samples. This 
leads me to believe that these two strains could be distinct, with over-
^Reimer, C. W., Academy of Natural Sciences, Philadelphia, Pa., Per­
sonal communication, 1970. 
Figure 23. The distribution of T. flocculosa strain III in the study area. The stations where 
strain III was encountered are circled, those where it was observed in the sediment sam­
ples only are indicated with an "X," The stations where strain III was encountered in 
the plankton samples only are designated with a P. At all other stations that are 
circled, strain III was found both as an attached form and planktonically 
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lapping ranges, and the planktonic strain having the greatest distribution. 
Strain III is the most widely distributed of the forms of Tabellaria in the 
study area and accounts for the widespread distribution of the genus. All 
stations that were recorded as Tabellaria positive, except for station 
(#6), had strain III represented in the samples. 
T. fenestrata was encountered in living collections from only 26 of 
the 101 stations investigated and was found only in sediment collections 
from nine additional stations, most of them along the northern, periphery of 
its distribution region. The distribution of this taxon in the study area, 
as mapped in Figure 24, suggests that it is restricted to the extreme 
northeastern portion of Minnesota and the northern portion of Wisconsin, 
T. flocculosa strain IV was encountered in samples from 23 of the sta­
tions sampled; at only four of these stations was this taxon observed in 
sediment samples only. The distribution of strain IV in the study area, 
which is mapped in Figure 25, is like that of %. fenestrata in being 
restricted to the extreme northeastern portion of Minnesota and northern 
Wisconsin. 
T. flocculosa strain I was encountered in collections from 33 of the 
sampling stations, with ten of them being sediment samples only. The dis­
tribution of strain I is mapped in Figure 26. It was encountered in almost 
all cases at stations located in the northeastern portion of Minnesota and 
northern Wisconsin but was encountered infrequently at stations to the west 
and south of this region. 
It is evident from these distribution data that all forms of Tabel­
laria recognized in this study have a sympatric distribution patterns 
within the study area. All forms are well represented at the stations in 
Figure 24. The distribution of T. fenestrata in the study area. The stations where this taxon was 
observed are circled; the stations where it was found in sediment collections only are 
designated with an "X" 
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Figure 25. The distribution of T. flocculosa strain IV in the study area. The stations where this 
taxon was observed are circled; the stations where it was found in sediment collections 
only are designated with an "X" 
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Figure 26. The distribution of T. flocculosa strain I in the study area. The stations where this 
taxon was observed are circled; the stations where it was found in sediment collections 
only are designated with an "X" 
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the northeastern portion of Minnesota and northern Wisconsin, The distri­
butions of T. fenestrata and T. flocculosa strain IV are restricted to this 
region. The pattern for T. flocculosa strain I is sporadic, extending 
further into the first distribution region (Figure 8) than the two taxa 
mentioned above. T. flocculosa strain III occurred generally over the 
whole distribution area for the genus and accounted for the rather wide 
distribution pattern in the study area. Its distribution terminates, for 
all practical purposes, at the "transition zone" defined previously as the 
"Tabellaria line." Figure 27 is a composite distribution map on which the 
distribution of all four taxa recognized in this study are represented. 
This figure better illustrates the sympatric distribution pattern of the 
four taxa then the separate distribution maps. 
Distribution of Tabellaria in study area with respect to water chemistry 
As was indicated earlier, measurements of numerous chemical parameters 
of the environment were made along with the collection of diatom samples. 
Correlation coefficients between the occurrences of the forms of Tabellaria 
recognized in the study and these chemical parameters were calculated. 
These coefficients plus statistical summaries of some of the chemical data 
from those stations where each form was encountered and, for comparison, 
summaries of the data from those stations where each of the forms was not 
encountered are presented in Tables 5-12. Table 13 presents a summary of 
the correlation coefficients between the occurrence of the forms of Tabel­
laria and those chemical parameters for which the coefficients are signifi­
cant (above the 0.05 level). Table 14 summarizes the F values generated by 
an analysis of variance to compare the means of the ecological parameters 
Figure 27. Distribution of all four taxa of Tabellaria recognized in the study 
1. T. flocculosa (Roth) Kutz. var. flocculosa strain I 
2. T. fenestrata (Lyngbye) Kutz. var. fenestrata 
3. T. flocculosa (Roth) Kutz. var. flocculosa strain III ^ 
4. T. flocculosa (Roth) Kutz. var. flocculosa strain IV 

Table 5. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kutz, var. 
flocculosa strain III was observed 
Corre­ Level of No. 
lation signifi­ of 
Variable (parameter) N Mean S Low High Range coeff, cance lakei 
ALKALINITY 
Total 48 92 59 5 205 200 -0.50 .0001 70 
Bicarbonate 48 86 57 0 190 190 -0.46 .0002 70 
Carbonate 48 5 12 0 50 50 -0.26 .03 70 
Hydroxide 48 .31 2 0 15 15 0.08 0,50 70 
Phenolphthalein 48 3 7 0 40 40 -0,22 .07 70 
AMMONIA NITROGEN 41 0.4 0.5 0 2,5 2.5 0.08 0,54 62 
CHLORIDE 44 6 5 2 30 28 -0.52 ,0001 65 
SPECIFIC CONDUCTANCE 46 227 148 34 525 491 -0.57 .0001 66 
COPPER 44 0.07 0.09 0 0.5 0.5 -0.27 -0.03 65 
HARDNESS 
Total 61 98 60 15 225 210 -0,61 .0001 91 
Calcium 48 56 36 5 150 145 -0,60 .0001 70 
Magnes ium 48 39 35 0 140 140 -0.41 .0007 70 
IRON 44 0.05 0.12 0,0 0.8 0.8 -0.04 0.75 65 
MANGANESE 44 0,5 0,9 0 5 5 -0.10 .56 65 
NITRATE NITROGEN 44 10 11 0 61 61 -0.01 .93 65 
PH 60 8.1 0,9 6 9.9 3.9 -0,37 .0008 86 
PHOSPHATE 43 ,21 0,47 0 2.9 2.9 -0.17 0.18 64 
SILICA 48 2.14 2.33 0,1 9.6 9.5 0,16 0.2 69 
SULFATE 44 17 41 0 240 240 -0,42 0.0009 65 
Table 6. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kvltz. var. 
flocculosa strain III was not observed 
Variable (parameter) Unit N Mean S Low High Range 
ALKALINITY 
Total ppm 22 167 64 60 290 230 
Bicarbonate ppm 22 153 69 40 290 250 
Carbonate ppm 22 13 18 0 50 50 
Hydroxide ppm 22 0 0 0 0 0 
Phenolphthalein ppm 22 7 9 0 25 25 
AMMONIA NITROGEN ppm 21 0.3 0.3 0 1.0 1.0 
CHLORIDE ppm 21 16 9 5 35 30 
SPECIFIC CONDUCTANCE mmo 20 489 233 155 999 844 
COPPER ppm 21 0.2 0.3 0 1.5 1.5 
HARDNESS 
Total ppm 30 234 120 60 600 540 
Calcium ppm 22 126 58 40 240 200 
Magnesium ppm 22 96 94 0 435 435 
IRON ppm 21 0.06 0.11 0 0.40 0.40 
MANGANESE ppm 21 0.64 0.66 0 2,2 2.2 
NITRATE NITROGEN ppm 21 10.3 11.0 0.8 42 41.2 
pH 26 8.8 0.4 7.8 9.6 1.8 
PHOSPHATE ppm 21 0.38 0.43 0.01 1.40 1.39 
SILICA ppm 48 1.45 1.00 0.3 4.5 4.2 
SULFATE ppm 44 104 149 4 520 516 
Table 7. Summary of chemical data from stations where Tabellaria fenestrate (Lyngbye) Kutz. var. 
fenestrata was observed 
Corre- Level of No. 
Variable (parameter) Unit N Mean S Low High Range 
lation 
coeff. 
signifi­
cance 
of 
lake: 
ALKALINITY 
Total ppm 20 45 35 5 120 115 -0.65 0.0001 70 
Bicarbonate ppm 20 40 34 0 120 120 -0.63 0.0001 70 
Carbonate ppm 20 4 13 0 50 50 -0.15 0.20 70 
Hydroxide ppm 20 1 3 0 15 15 0.19 0.11 70 
Phenolphthalein ppm 20 3 9 0 40 40 -0.10 0.50 70 
AMMONIA NITROGEN ppm 17 0.6 0.6 0 2.5 2.5 0.42 0.001 62 
CHLORIDE ppm 17 5 2 2 8 6 -0.39 0.002 65 
SPECIFIC CONDUCTANCE mmo 20 114 78 34 • 290 256 -0.59 0.0001 66 
COPPER ppm 17 0,05 0.08 0 0.32 0.32 -0.16 0.20 65 
HARDNESS 
Total ppm 23 45 30 15 120 105 -0.54 0.0001 91 
Calcium ppm 20 30 21 5 70 65 -0.57 0,0001 70 
Magnesium ppm 20 16 13 0 55 55 -0.40 0.0009 70 
IRON ppm 17 0.04 0.07 0 0.3 0.3 -0.01 0.55 65 
MANGANESE ppm 17 0.2 0.3 0 10 1.0 -0.23 0,06 65 
NITRATE NITROGEN ppm 17 6.2 5.3 0 14.5 14.5 -0.22 0.08 65 
PH 23 7.6 0.9 6 9.9 3.9 -0.54 0,0001 86 
PHOSPHATE ppm 17 0.31 0.71 0.0 2.9 2.9 0.05 0.67 64 
SILICA ppm 20 2.6 2.1 0.4 8.5 8.1 0.21 0.09 69 
SULFATE ppm 17 6.5 7.3 0 330 33 -0.24 0,05 65 
Table 8. Summary of chemical data from stations where Tabellaria fenestrata (Lyngbye) Kûtz. var. 
fenestrata was not observed 
Variable (parameter) Unit N Mean S Low High Range 
ALKALINITY 
Total ppm 50 144 59 25 290 265 
Bicarbonate ppm 50 134 59 25 290 265 
Carbonate ppm 50 9.0 15 0 50 50 
Hydroxide ppm 50 0 0 0 0 0 
Phenolphthalein ppm 50 4.5 7.6 0 25 25 
AMMONIA NITROGEN ppm 45 0.24 0.25 0 1.0 1.0 
CHLORIDE ppm 48 12 8 2 35 33 
SPECIFIC CONDUCTANCE mmo 46 390 200 78 1000 922 
COPPER ppm 48 0.13 0.24 0.0 1.5 1.5 
HARDNESS 
Total ppm 68 175 102 25 600 575 
Calcium ppm 50 98 51 15 240 225 
Magnesium ppm 50 73 70 0 435 435 
IRON ppm 48 0.06 0.13 0.0 0.75 0.75 
MANGANESE ppm 48 0.6 0.9 0.0 5.0 5.0 
NITRATE NITROGEN ppm 48 11.6 12.0 0.0 61 61 
pH 63 8.6 0.6 6.8 9.6 2.8 
PHOSPHATE ppm 47 0.25 0.34 0.0 1.4 1.4 
SILICA ppm 49 1.7 2.0 0.1 9.6 9.5 
SULFATE ppm 48 59 112 1.0 520 519 
Table 9. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kutz. var, 
flocculosa strain IV was observed 
Variable (parameter) Unit N Mean S Low High Range 
Corre­
lation 
coeff. 
Level 0 
signifi 
cance 
ALKALINITY 
Total ppm 14 31 30 5 120 115 -0.61 0.0001 
Bicarbonate ppm 14 25 30 0 120 120 -0.60 0.0001 
Carbonate ppm 14 4 13 0 50 50 -0.14 0.26 
Hydroxide ppm 14 1 4 0 15 15 0.24 0.04 
Phenolphthalein ppm 14 3 11 0 40 40 -0.07 0.57 
AMMONIA NITROGEN ppm 12 0.6 0.4 0 1.5 1.5 0.34 0.008 
CHLORIDE ppm 12 4 2 2 8 6 -0.33 0.007 
SPECIFIC CONDUCTANCE mmo 14 90 72 34 290 256 -0.53 0.0001 
COPPER ppm 12 0.06 0.09 0 0.3 0.3 -0.11 0.62 
HARDNESS 
Total ppm 17 36 27 15 120 105 -0.49 0.0001 
Calcium ppm 14 21 16 5 65 60 -0.53 0.0001 
Magnesium ppm 14 13 14 0 55 55 -0.34 0.004 
IRON ppm 12 0.05 0.08 0 0.3 0.3 -0.04 0.77 
MANGANESE ppm 12 0.2 0.3 0 1.0 1.0 -0.18 0.15 
NITRATE NITROGEN ppm 12 6.7 5.5 0 14.5 14.5 -0.15 0.22 
PH 17 7.5 1 6.0 9.9 3.9 -0,52 0.0001 
PHOSPHATE ppm 12 0.15 0.27 0 1.0 1.0 -0.13 0.32 
SILICA ppm 14 2.7 2.2 0.4 8.5 8.1 0.19 0.11 
SULFATE ppm 12 8.2 8.2 0 33 33" -0.18 0.14 
Table 10. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kiitz. var. 
flocculosa strain IV was not observed 
Variable (parameter) Unit N Mean S Low High Range 
ALKALINITY 
Total ppm 56 136 60 25 290 265 
Bicarbonate ppm 56 128 60 25 290 265 
Carbonate ppm 56 9 15 0 50 50 
Hydroxide ppm 56 0 0 0 0 0 
Phenolphthalein ppm 56 4 7 0 25 25 
AMMONIA NITROGEN ppm 50 0.3 0.4 0,0 2.5 2.5 
CHLORIDE ppm 53 11 8 2 35 33 
SPECIFIC CONDUCTANCE mmo 52 364 202 78 1000 922 
COPPER ppm 53 0.12 0.23 0,0 1.5 1.5 
HARDNESS 
Total ppm 74 167 102 25 600 575 
Calcium ppm 56 92 51 15 240 225 
Magnesium ppm 56 68 68 0 435 435 
IRON ppm 53 0.06 0,12 0 0,75 0.75 
MANGANESE ppm 53 0.6 0,9 0.0 5 5 
NITRATE NITROGEN ppm 53 11 12 0.0 61 61 
pH 69 8.5 0.6 6,8 9.6 2,8 
PHOSPHATE ppm 52 0.3 0.5 0,0 2.9 2,9 
SILICA ppm 55 1.7 2,0 0.1 9.6 9,5 
SULFATE ppm 53 54 108 1,0 520 519 
Table 11. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kutz. var. 
flocculosa strain I was observed 
Variable (parameter) Unit N Mean S Low High Range 
Corre­
lation 
coeff. 
Level o 
signifi 
cance 
ALKALINITY 
Total ppm 25 66 49 5 190 185 -0.53 0.0001 
Bicarbonate ppm 25 62 51 0 190 190 -0.50 0.0001 
Carbonate ppm 25 3.2 11.4 0 50 50 -0,22 0.06 
Hydroxide ppm 25 0.6 3.0 0 15 15 0.16 0.18 
Phenolphthalein ppm 25 2.2 8.4 0 40 40 -0.17 0.17 
AMMONIA NITROGEN ppm 19 0.4 0.4 0 1.5 1.5 0.16 0.2 
CHLORIDE ppm 22 5 3 2 15 13 -0.43 0.0006 
SPECIFIC CONDUCTANCE mmo 24 159 113 34 425 391 -0.52 0.0001 
COPPER ppm 22 0.07 0.08 0.0 0.32 0.32 -0.14 0.2 
HARDNESS 
Total ppm 28 64 48 15 190 175 -0.49 0.0001 
Calcium ppm 25 38 25 5 90 85 -0.55 0.0001 
Magnesium ppm 25 29 32 0 140 140 -0.32 0.007 
IRON ppm 22 0.07 0.16 0 0.75 0.75 0.08 0.5 
MANGANESE ppm 22 0.25 0.31 0 1 1 -0.24 0.05 
NITRATE NITROGEN ppm 22 8.3 13 0 61 61 -0.12 0.7 
PH 29 7.7 0.9 6.0 9.9 3.9 -0.51 0.0001 
PHOSPHATE ppm 22 0.2 0.6 0 2.9 2.9 -0.06 0.6 
SILICA ppm 25 3.0 2.8 0.2 9.6 9.4 0.40 0.001 
SULFATE ppm 22 12 29 0 140 140 -0.24 0.05 
Table 12. Summary of chemical data from stations where Tabellaria flocculosa (Roth) Kutz. var. 
flocculosa strain I was not observed 
Variable (parameter) Unit N Mean S Low High Range 
ALKALINITY 
Total ppm 45 143 64 25 290 265 
Bicarbonate ppm 45 132 64 25 290 265 
Carbonate ppm 45 10 16 0 50 50 
Hydroxide ppm 45 0 0 0 0 0 
Phenolphthalein ppm 45 5 8 0 25 25 
AMMONIA NITROGEN ppm 43 0.3 0.4 0.0 2.5 2.5 
CHLORIDE ppm 43 12 9 2 35 33 
SPECIFIC CONDUCTANCE mmo 42 390 214 78 1000 922 
COPPER ppm 43 0.13 0.25 0 1.5 1.5 
HARDNESS 
Total ppm 63 177 106 25 600 575 
Calcium ppm 45 100 54 15 240 225 
Magnesium ppm 45 72 73 0 435 435 
IRON ppm 43 0.05 0.08 0 0.4 0.4 
MANGANESE ppm 43 0.7 1.0 0 5 5 
NITRATE NITROGEN ppm 43 11.1 9.6 0 42 42 
PH 57 8.6 0.5 7 9.6 2.6 
PHOSPHATE ppm 42 0.29 0.37 0 1.4 1.4 
SILICA ppm 44 1.3 1.1 0.1 5.6 5.5 
SULFATE ppm 43 63 117 2 520 518 
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Table 13- Summary of those correlation coefficients between the occurrence 
of the forms of Tabellaria observed in the study area and some 
chemical parameters. These are the coefficients that were sig­
nificant above the 0.05 level 
Form of Tabellaria 
T. flocculosa strains 
Parameter T. fenestrata I Ill IV 
Total hardness -0.54 -0.49 -0.61 -0.49 
Calcium hardness -0.56 -0.55 -0.60 -0.53 
Magnesium hardness -0.40 -0.32 -0.41 -0.34 
Specific conductance -0.59 -0.52 -0.57 -0.53 
Carbonate alkalinity - - -0.26 -
Bicarbonate alkalinity -0.63 -0.50 -0.46 -0.60 
Total alkalinity -0.65 -0.53 -0.50 -0.61 
Chloride -0.40 -0.43 -0.52 -0.33 
pH -0.54 -0.50 -0.32 -0.52 
Silica - +0.40 - -
Ammonia nitrogen +0.42 - - +0.34 
Sulfate -0.24 -0.24 -0.42 -
Copper - - -0.27 -
Iron 
"for the stations where the forms of Tabellaria were encountered and the 
stations where they were not encountered. Only those F values that were 
significant above the 0.05 level are included in the table. 
The nine control stations that were sampled at approximately two-week 
intervals during the 1971 sampling sequence are used as a limited check on 
the seasonal variability of some of the chemical parameters. Summaries of 
the results of these determinations are presented in the text when they 
were considered appropriate. 
Distribution of Tabellaria in relation ^  £H In this study, the pH 
of the aquatic environment was determined colormetrically at the time of 
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Table 14. Summary of the F values that are significant above the 0.05 
level from the analysis of variance between means of each of the 
parameters for those stations where the forms of Tabellaria were 
present and the stations where they were absent 
Form of Tabellaria 
T. flocculosa (Roth) Kutz. 
var. flocculosa strains 
Parameter T. fenestrata I III IV 
Total hardness 36. 12 28. 74 52. 38 27. 42 
Calcium hardness 32. 01 29. 97 37. 81 26. 21 
Magnesium hardness 13. 17 7. 83 13. 68 8. ,83 
Specific conductance 35. 03 24. 16 30. 48 24, .62 
Carbonate alkalinity 4. 95 
Bicarbonate alkalinity 44. ,74 22. 17 18. 18 37. 49 
Total alkalinity 49. 68 27. 00 23. 17 40, .53 
Chloride 11. 44 14. 51 23. ,61 7, .71 
pH 35. 00 29. 28 9. ,35 30, .36 
Silica 12. 66 
Ammonia nitrogen 12. 81 7, ,64 
Sulfate 3. 73 3. 94 13. 14 
Copper - - 4.79 
Iron - - -
the collection of the diatom samples. This parameter was measured at 86 of 
the 101 stations, and these results are summarized in Table 15. 
Table 15. Summary of the pH values and partitioning into frequency classes 
Number of 
pH class stations in class Frequency 
6.0-6.9 7 8.1% 
7.0-7.9 16 18.6% 
8.0-8.9 49 37.0% 
9.0-9.9 14 16.3% 
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Since pH is, at best, a metastable factor (Hustedt, 1956), an effort 
was made to determine the degree of fluctation in the pH value of the nine 
control lakes. The pH values were determined at approximately two-week 
intervals during the interval sampling of 1971. The summary of these 
determinations is presented in Table 16. 
Table 16. Summary of pH values from the nine control stations sampled dur-
ing the interval sampling of 1971 
No. of Standard 
Station determin. Mean Low High Range dev. 
7 12 8.2 4.6* 8.9 4.3 1.14 
8 12 8.4 7.6 8.8 1.2 0.34 
13 10 8.5 8.4 8.7 0.3 0.12 
16 11 7.3 6.8 8.2 1.4 0.53 
25 12 8.6 8.4 8.8 0.4 0.13 
74 10 6.4 5.2 6.9 1.7 0.47 
76 9 8.3 7.4 9.2 1.8 0.60 
81 10 8.5 6.9 9.5 2.6 0.67 
101 10 7.2 5.2 8.0 2.8 0.78 
The minimum pH for station 7 of 4.6 is questionable because of the 
conditions under which it was determined. 
From examination of Table 16, it is evident that, due to fluctuation 
in the pH value at different times, some of the stations could occur in a 
frequency class other than the one assigned in Table 15, depending upon the 
season and time of day that the determination was made. However, in most 
cases it would shift the station only plus or minus one pH frequency class. 
The histograms in Figure 28 show the frequency with which the forms of 
Tabellaria were encountered at the stations within each pH class listed in 
Table 15. 
Figure 28. The relationship between the occurrence of the forms of the genus Tabellaria recognized 
in this study and the pH values recorded from the sampling stations. The histogram shows 
the percentage of waters in each pH interval from which the forms of Tabellaria were 
encountered in the study 
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T. flocculosa strain III was encountered over a greater range than the 
other taxa. There is a significant correlation between the occurrence of 
strain III and the pH value (R = -0.37; 0.0008). Examination of the fre­
quency histograms in Figure 28 shows that although this taxon has its 
greatest frequency of occurrence in waters in the lowest two pH classes, it 
was encountered in relatively high frequencies in waters with pH values in 
the 3rd and 4th classes, occurring at 7 out of 14 stations in the highest 
frequency class (pH 9.0-9.9). The average pH value for the strain Ill-pos­
itive stations is 8.1, and the average pH value for the strain Ill-negative 
stations is 8.8. The F value generated by the analysis of variance indi­
cated that the difference between these two means was significant above the 
0.05 level (Table 14). 
T. flocculosa strains I and IV and 2- fenestrata do not have the wide 
distribution with reference to pH that strain III exhibits. Above the pH 
class of 7.0-7.9, these taxa occur only infrequently. All three taxa show 
a much lower frequency of occurrence in waters in the highest two pH 
classes than strain III. As with strain III, the F values generated by the 
analysis of variance indicated that the differences in the mean pH values 
of the stations where these three taxa were encountered and the mean pH 
values from those stations where they were not encountered were significant 
above the 0.05 level (Table 14). 
Distribution of Tabellaria in relation to alkalinity Total alka­
linity was determined at 70 of the 101 stations, and Tabellaria species 
occurred at 48 of these 70 stations. A summary of the results of the alka­
linity determinations is presented in Table 17. 
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Table 17. Summary of the alkalinity values (ppm as CaCO^) and a partition 
ing into frequency classes 
Alkalinity Number of stations Frequency 
class in class in class 
0-60 19 27.17, 
61-120 22 31.4% 
121-180 16 22.9% 
181-240 10 14.3% 
241-Above 3 4.3% 
To get an indication of the seasonal fluctuation in alkalinity in the 
study area, this parameter was measured at the nine control stations during 
the interval sampling of 1971. A summary of these determinations is pre­
sented in Table 18. 
Table 18. Summary of the total alkalinity determinations (ppm as CaCO^) 
from the nine control stations taken during the 1971 interval 
sampling 
No. of Standard 
Station determin. Mean Low High Range dev. 
7 12 120 80 155 75 26.8 
8 12 96 30 125 95 26.4 
13 10 118 90 145 55 15.9 
16 11 22 15 30 15 4.7 
25 12 159 135 195 60 23.0 
74 10 14 10 20 10 6.0 
76 10 37 30 45 15 5.9 
81 11 82 42 100 58 19.9 
101 10 22 15 35 20 6.3 
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At the stations with the high alkalinity ranges, there is a great 
enough fluctuation so that a station could be placed in another alkalinity 
class in Table 17 depending on the season of the year the sample was taken. 
However, in most cases the shift would be only plus or minus one class. 
The histograms in Figure 29 show the frequency of occurrence of the forms 
of Tabellaria at the stations in each frequency class listed in Table 17. 
T. flocculosa strain III was encountered in waters over a greater 
range of alkalinity values in greater frequency than the other three taxa. 
To encounter it in samples from stations in the 181-240 alkalinity class 
was not unusual (50%). There is a significant negative correlation between 
the occurrence of strain III and alkalinity values (R = -0.50; 0.0001) 
occurring in waters whose average alkalinity value is 59 ppm and in waters 
of up to an alkalinity value of 205 ppm. The general trend, however, is 
indicated from the histogram in Figure 29, and as the significant negative 
correlation coefficient indicates, strain III occurs less frequently in the 
higher alkalinity ranges. 
T. flocculosa strain I was encountered in all but the highest alka­
linity class but occurred less frequently than strain III. The correlation 
between the occurrence of this strain and alkalinity values is significant 
(R = -0.50; 0.0001); it occurred in waters with an average total alkalinity 
of 66 ppm and up to a maximum of 190 ppm. 
T. flocculosa strain IV and %. fenestrata seem to have similar ranges 
with respect to alkalinity. They were observed in samples taken from sta­
tions with alkalinity values in the lowest two alkalinity classes only 
(Figure 29, Table 17). T. flocculosa strain IV was observed in samples 
Figure 29. The relationship between the occurrence of the forms of the genus Tabellaria recognized 
in this study and the alkalinity values recorded from the sampling stations. The histo­
grams show the percentage of waters in each alkalinity interval from which the forms of 
Tabellaria were encountered in the study 
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from waters with an average alkalinity value of 31 ppm and in waters with a 
maximum alkalinity of 120 ppm. The correlation between alkalinity and the 
occurrence of this taxon is significant (R = -0.61; 0.0001). fenestrata 
was observed in waters with a mean alkalinity value of 35 ppm, occurring in 
waters of up to 120 ppm, and with a significant correlation of -0.65 
(0.0001).  
All forms of Tabellaria exhibit the same tendency, occurring in the 
lowest alkalinity classes with greater frequency than in the higher alka­
linity classes. Strain III occurred over the greatest alkalinity range of 
all of the forms. The F values generated with the analysis of variance 
showed that the differences in the mean total alkalinity values from the 
stations where each of the four taxa were encountered and the mean total 
alkalinity values from those stations where each of the four taxa were not 
encountered were significant above the 0.05 level (Table 14). 
Distribution of Tabellaria in relation to hardness Total hardness 
determinations were made at 91 of the 101 stations; of the 91 stations 
Tabellaria occurred at 61. A summary of the results of the total hardness 
determinations is presented in Table 19. 
A summary of the seasonal stability of total hardness in the nine con­
trol lakes is presented in Table 20. 
From the information presented in Table 20, it is evident that in the 
higher hardness range it is possible that some stations could be assigned 
to a different frequency class in Table 19, depending upon the season of 
the year that the determination was made. However, in most cases the 
change would be plus or minus one class only. 
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Table 19. Summary of the total hardness values (ppm as CaCO_) and a parti­
tioning into frequency classes 
Hardness No. of stations Frequency 
class in class in class 
0-60 23 25-3% 
61-120 20 22.0% 
121-180 22 24.2% 
181-240 16 17.6% 
241-Above 10 10.9% 
Table 20. Summary of the total hardness determinations (ppm as CaCO^) from 
the nine control stations taken during the 1971 interval sampling 
No. of Standard 
Station deterrain. Mean Low High Range dev. 
7 12 107 70 150 80 29.3 
8 12 81 10 110 100 27.4 
13 10 107 80 135 55 16.9 
16 11 21 15 30 15 6.6 
25 12 157 130 190 60 23.2 
74 10 14 10 20 10 3.6 
76 10 32 30 35 5 2.6 
81 11 83 50 100 50 16.0 
101 10 16 15 20 5 2.4 
Figure 30 illustrates the relationship between the occurrence of the 
forms of Tabellaria recognized in this study and the total hardness values. 
T. flocculosa strains I and III have the widest distribution with 
respect to this parameter. The mean hardness value for the waters in which 
T. flocculosa strain III was observed is 98 ppm, and it occurred in waters 
Figure 30. The relationship between the occurrence of the forms of the genus Tabellaria recognized 
in this study and the total hardness values recorded from the sampling stations. The 
histograms show the percentage of waters in each total hardness interval from which the 
forms of Tabellaria were encountered in the study 
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of up to 225 ppm, giving a correlation coefficient between its occurrence 
and total hardness of -0.61 (0.0001). flocculosa strain I was encoun­
tered in samples from waters that had an average total hardness value of 
64 ppm and occurred in waters of up to 175 ppm, giving a significant nega­
tive correlation between its occurrence and this parameter (R = -0.49; 
0.0001). Strain III was encountered most frequently in all waters with 
respect to this parameter. 
T. fenestrata and T. flocculosa strain IV were encountered in waters 
in the first two hardness classes only (Figure 30). The average total 
hardness value for those waters where T. fenestrata was observed is 45 ppm, 
and it occurred in waters of up to 120 ppm with a significant negative cor­
relation between its occurrence and total hardness values (R = -0.54; 
0.0001). T. flocculosa strain IV was observed in samples from waters with 
a mean total hardness value of 36 ppm, and it occurred in waters of up to 
120 ppm, with a significant negative correlation (R = -0.49; 0.0001) 
between its occurrence and total hardness values. 
It is evident that there is a strong tendency for all forms of Tabel-
laria encountered in this study to occur together in the very softwater 
habitats- T. flocculosa strain IV and T. fenestrata are restricted to the 
lowest two frequency classes (Figure 30). T. flocculosa strain I occurs 
only infrequently in waters of in the higher classes, and strain III occurs 
generally in the first two hardness classes and commonly in the third and 
fourth intervals, 50% in the fourth, and none in the highest class. The 
F values generated with the analysis of variance showed that the differ­
ences in the mean total hardness values from the stations where each of the 
four taxa were encountered and the mean total hardness values from those 
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stations where each of the taxa were not encountered are significant above 
the 0.05 level (Table 14). 
Distribution of Tabellaria in relation to specific conductance 
Specific conductance was measured at 70 of the 101 stations and, of the 70 
stations, Tabellaria was encountered in 48. Table 21 summarizes the 
results of the specific conductance determinations. 
Table 21. Summary of specific conductance values (micro mhos/cm) and par­
titioning into frequency classes 
Specific Number of stations Frequency 
conductance class in class in class 
0-200 25 37.9% 
201-400 23 34.8% 
401-600 14 21.2% 
601-Above 4 6.1% 
The seasonal stability of this factor was investigated at the nine 
control stations. The results of this investigation are summarized in 
Table 22. 
Examination of Table 22 indicates that there are great fluctuations in 
the specific conductance, especially in the higher ranges. In assigning 
the stations to specific conductance classes in Table 21, it is possible 
that the class to which a station is assigned could be different depending 
upon when it was sampled. However, the indication is that it would be 
shifted plus or minus one class only. 
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Table 22. Summary of the specific conductance values (micro mhos/cm) from 
the nine control stations taken during the interval sampling of 
1971 
o
 
o
 Standard 
Station determin. Mean Low High Range dev. 
7 12 233 150 320 170 68 
8 12 200 138 260 122 44 
13 9 234 176 300 124 43 
16 11 46 36 65 29 10 
25 12 351 300 420 120 46 
74 10 33 31 37 6 1.8 
76 10 75 71 80 9 3 
81 11 167 70 200 130 37 
101 10 39 31 45 14 3.5 
The histograms in Figure 31 show the relationship between specific 
conductance and the occurrence of the forms of Tabellaria recognized in the 
study. 
T. flocculosa strain III was encountered in waters over the greatest 
range of specific conductance values. The average conductivity for the 
lakes in which strain III was encountered is 227 micro mhos/cm. It 
occurred in water with a maximum specific conductance of 525 micro mhos/cm, 
and its occurrence correlated significantly (R = -0.57; 0.0001) with spe­
cific conductance. 
T. flocculosa strain I was observed in samples from waters with an 
average specific conductance of 159 micro mhos/cm. It occurred in water of 
up to 425 micro mhos/cm, and its occurrence correlated with specific con­
ductance significantly (R = -0.52; 0.0001). 
The waters in which T. fenestrata and T. flocculosa strain IV were 
found had about the same specific conductance ranges. Both taxa were 
Figure 31. The relationship between the occurrence of the forms of the genus Tabellaria recognized 
in this study and the specific conductance values recorded from the sampling stations. 
The histograms show the percentage of waters in each conductivity interval from which the 
forms of Tabellaria were encountered in the study 
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encountered in waters of low specific conductance only (occurring in the 
first two specific conductance intervals only). T. fenestrata was observed 
in waters with an average specific conductance value of 114 micro mhos/cm. 
It occurred in waters with a specific conductance value of up to 256 micro 
mhos/cm, with a correlation of -0.59 (0.0001) between its occurrence and 
specific conductance values. j[. flocculosa strain IV was observed in sam­
ples from stations with an average specific conductance of 90 micro mhos/cm. 
It occurred in waters with a specific conductance value of up to 290 micro 
mhos/cm, with a correlation of -0.53 (0.0001) between its occurrence and 
specific conductance. 
It is apparent that all forms occurred with greatest frequency in 
waters of low specific conductance. T. flocculosa strain III was observed 
more frequently in waters with greater specific conductance than the other 
forms of Tabellaria, with strain I next in frequency of occurrence in 
higher specific conductance waters. T. flocculosa strain IV and T. fene-
strata was restricted to habitats in the lower specific conductance classes 
(Figure 31). The F values generated with the analysis of variance showed 
that the differences in the mean specific conductance values from the sta­
tions where each of the four taxa were encountered and the mean specific 
conductance values from those stations where each of the four taxa were not 
encountered are significant above the 0.05 level (Table 14). 
Bright (1968) found that the relationship between salinity and spe­
cific conductance of the waters in the study area can be represented by a 
straight line regression. Thus specific conductance is a good measure of 
salinity, as one would expect. Since salinity and the concentration of 
chloride are somewhat difficult to separate in the literature, it seems 
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appropriate to consider the relation between the concentration of chloride 
and the distribution of Tabellaria at this point. 
Distribution of Tabellaria with respect to chloride Table 23 sum­
marizes the chloride data for the stations in the study. 
Table 23. A summary of the relationship between the occurrence of the 
forms of Tabellaria recognized in the study and the concentra­
tion of chloride. Chloride expressed in ppm chloride. T-I, 
T-III, and T-IV represent the forms of T. flocculosa; T-II 
represents T. fenestrata 
Present Absent 
Form N Mean High Low S CC Level N Mean High Low S 
T-I 22 5 15 2 3 -.43 .0006 43 12 35 2 9 
T-II 17 5 8 2 2 -.39 .002 48 12 35 2 8 
T-III 44 6 30 2 5 -.52 .0001 21 16 35 5 9 
T-IV 12 4 8 2 2 -.33 .007 53 11 35 2 8 
T. flocculosa strain III occurred in waters with higher concentration 
of chloride more frequently than the other three taxa. When one compares 
the values for the stations where each form was present with the values 
for the stations where each form was absent (Table 23), it is apparent that 
all forms occurred in waters with much lower chloride concentration than 
those waters where they were not found. The F values generated by the 
analysis of variance indicated that the differences in the mean chloride 
concentration from the stations where each of the four taxa were encoun­
tered and the mean chloride concentrations from those stations where each 
161 
of the four taxa were not encountered are significant above the 0.05 level 
(Table 14). 
Distribution of Tabellaria in relation to sulfate Another parame­
ter which may have some effect on the distribution of diatom species by 
contributing to the total salinity of the waters is sulfate (Patrick, 
1948). There was a significant negative correlation between sulfate con­
centrations and the occurrence of T. fenestrata and TÇ. flocculosa strains I 
and III. Table 24 summarizes the data on the concentration of sulfate and 
the occurrence of the forms of Tabellaria. 
Table 24. A summary of the relationship between the occurrence of the 
forms of Tabellaria recognized in the study and the concentra­
tion of sulfate. Sulfate is expressed as ppm sulfate. T-I, 
T-III, and T-IV represent the forms of T. flocculosa; T-II 
represents T. fenestrata 
Present Absent 
Form N Mean High Low S CC Level N Mean High Low 
T-I 22 12 140 0 29 -.24 0.05 43 63 520 2 117 
T-II 17 6.5 33^ 0 7.3 -.24 0.05 48 59 520 1 112 
T-III 44 17 240 0 41 -.42 .0009 21 104 520 4 149 
T-IV 12 12 33^ 0 8.2 -.18^ 0.14 53 54 520 10 108 
^This value from station 76 is suspect; in nine determinations of the 
sulfate concentration during the interval sampling the mean value was 3.4. 
In the case of T-IV, the one value added into the relatively small number 
of stations with low sulfate values undoubtedly affected the correlation 
coefficient. If the mean value of 3.4 is used in place of the 33, the 
average of the T-IV positive lakes would have been 5.7. 
^This correlation coefficient is not significant at the 0.05 level. 
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T. flocculosa strain III occurred in samples from waters over the 
greatest range of sulfate concentrations, occurring in waters of up to 
240 ppm, with an average sulfate value of 17 ppm. Strain I was next, 
occurring in waters of up to 140 ppm sulfate, with an average value of 
12 ppm. T. flocculosa strain IV and fenestrata were encountered in 
waters of very low sulfate values only, the maximum value being 33 ppm (see 
note under Table 24 about this value) with an average value of 12 and 6.5, 
respectively. A comparison of the positive and negative stations repre­
sented in Table 24 would lead one to the conclusion that all forms of 
Tabellaria occur in waters of low sulfate concentration and are absent from 
waters with high sulfate. The F values generated by the analysis of vari­
ance indicated that the difference in the mean sulfate concentrations from 
those stations where T. fenestrata and T. flocculosa strains I and III were 
encountered and the mean concentration of those stations where these three 
taxa were not encountered were significant above the 0.05 level. The 
F value for %. flocculosa strain IV was not significant (Table 14). 
Distribution of Tabellaria with respect to other dissolved substances 
Ammonia nitrogen showed a significant positive correlation with the occur­
rence of T. fenestrata and T. flocculosa strain IV and the differences in 
the mean ammonia nitrogen concentrations for the stations from which these 
two taxa were encountered, and the stations where they were not encountered 
are significant above the 0.05 level (Table 14). However, this value has 
to be treated with caution because it could be an artifact associated with 
the presence of humic acids in the dystrophic lakes to which these taxa 
were more or less restricted. The method used in the determination of 
ammonia nitrogen (direct nesslerization) is subject to positive interfer­
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ence from numerous organic substances such as humic acids (A.P.H.A., 1965). 
Thus, this positive correlation could be a better indicator of humic acid 
concentration than of ammonia nitrogen. 
Although humic acid concentrations were not measured, I did observe 
that most of the stations in the distribution region where all four taxa 
occurred tended to be brown-water lakes. 
Iron and manganese determinations were made during the course of the 
study. However, the correlation between these two parameters and the 
occurrence of the forms of Tabellaria were not significant at the 0.05 
level. Also, the F values that were generated in the analysis of variation 
indicated that the differences between the mean iron concentrations of the 
stations where these forms of Tabellaria were encountered and where they 
were not encountered were not significant at the 0.05 level (Table 14). 
Nitrate nitrogen and phosphate showed no significant correlation with 
the occurrence of the forms of Tabellaria recognized in this study, also 
the F values generated in the analysis of variance showed there were no 
significant differences in nitrate and phosphate concentration. 
There was a significant positive correlation between the concentration 
of silica and the occurrence of %. flocculosa strain I (R = 0.40; 0.001). 
The F values that were generated in the analysis of variance indicated that 
the differences between the mean silica concentrations for the stations 
where T. flocculosa strain I was encountered and where it was not encoun­
tered was significant above the 0.05 level (Table 14). The F values for 
the other three taxa relative to silica concentrations showed that these 
differences in means were not significant above the 0.05 level (Table 14). 
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There was a significant negative correlation between concentration of cop­
per and the occurrence of T. flocculosa strain IV (R = -0.27; 0.03). Also, 
the F value generated by the analysis of variance indicated that the dif­
ference in the mean copper concentrations between the stations where 
T. flocculosa strain IV was encountered and where it was not encountered 
was significant above the 0.05 level (Table 14). The F values generated 
for the other three taxa relative to differences in copper concentration 
were not significant at the 0.05 level. 
Other determinations such as dissolved oxygen, temperature, turbidity, 
and carbon dioxide were made. However, because of their fluctuations, due 
to meteorological conditions, time of day, season, and the conditions under 
which the samples were taken, these measurements were not used in consider­
ing the general pattern of water chemistry at the stations. 
Distribution of Tabellaria with respect to the general trophic status 
of the stations This topic was left to last because it is the concen­
trations of the previously discussed ions that affect the general trophic 
status of a body of water. Specific conductance and alkalinity may be used 
as indices of the trophic condition of the waters when the range of waters 
is as great as those investigated in this study. Those with high concen­
trations of dissolved ions and with high alkalinity are generally the more 
eutrophic waters (Lund, 1957; Moyle, 1949). Using this as the guide, it is 
evident that all four forms of Tabellaria are encountered more frequently 
in those waters which by the indices discussed above would be considered 
oligotrophic and dystrophic. fenestrata and T. flocculosa strain IV are 
limited to the stations that are at the lower end of the trophic spectrum. 
T. flocculosa strain I was encountered at stations which had greater con­
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centrations of these indices of eutrophication, although it occurred more 
frequently in waters with low indices of eutrophication. 2- flocculosa 
strain III, as with the other three taxa, occurred most frequently in the 
waters with low indices of eutrophication, but its range was greater; it 
occurred with greater frequency than the other taxa in the waters which 
would be considered more eutrophic. 
All four taxa were absent from those waters with the greatest concen­
tration of dissolved substances, which would be considered the most eutro­
phic. These groupings were done on a continuous scale, reflecting the con­
centration of the indices of productivity presented above by Moyle (1949) 
and Lund (1957). Any sharp division between adjacent trophic categories 
would be difficult to draw since they tend to be continuous, and one term 
is relative to the other. 
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ECOLOGICAL DISCUSSION 
The basic intent of this study was to determine the present distribu­
tion of the genus Tabellaria in a portion of the north central United 
States. As reported in the ecological results section, the study area 
apparently can be divided into three regions based on the distribution of 
this genus (Figures 21 and 22). 
Region 1 covers the northeastern half of Minnesota and the northern 
third of Wisconsin, Tabellaria was found in the collections of extent 
diatoms at all stations in this region which is covered almost exclusively 
by Wisconsin drift, mostly non-calcareous to weakly calcareous to the north 
and east grading into calcareous drift or lacustrine deposits toward its 
western and southwestern boundaries. Interspaced within the region are 
large areas of sandy deposits (Figure 3). Climatically this region is cool, 
and the average annual precipitation exceeds or is very close to the mean 
annual pan evaporation (Figure 5). Under the influence of these climatic 
and edaphic conditions podzolic soils have formed under the forest vegeta­
tion (Figure 4). Very softwater to medium hardwater lakes occur throughout 
the region, with hardwater lakes being more frequent near the western and 
southern boundaries (Moyle, 1945b; Birge and Juday, 1911). 
The first region grades into the second region along its western and 
southern borders. In this region, some stations were found to have Tabel­
laria in the collections of extant diatoms, some stations were found to be 
Tabellaria negative, and in a few instances Tabellaria was encountered in 
the sediment collections only. This region is the transition zone between 
the Tabellaria-positive region to its north and east and the Tabellaria-
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negative region on its southern and western margins. The margin of this 
transition zone may be termed the "Tabellaria Line." The transition zone 
is covered by lacustrine deposits in the northwestern portion of Minnesota 
and eastern Dakotas and calcareous Wisconsin drift over the remainder of 
the region in Minnesota. In Wisconsin this region is characterized by a 
mantle of sandy eolian and glacial deposits and loess overlying calcareous 
Wisconsin drift (Figure 3). From these parent materials, under the influ­
ence of deciduous forest and prairie transition vegetation, brunizems, 
gray-brown podzolic, and yellow podzolic soils have developed (Figure 4). 
The climatic gradients extending from the first region into this region 
indicate a general pattern towards a warmer and drier climate (Figure 5). 
A parallel trend seems to exist between the very softwater to medium hard-
water lakes of region 1 and the alkali sulfate lakes of the Dakotas and 
extreme western Minnesota, the very hardwater waters of Iowa and southern 
Minnesota, and the hardwater lakes of southern Wisconsin (Bright, 1968; 
Birge and Juday, 1911; Moyle, 1945b). 
The third distribution region is located to the south and west of the 
transition zone. Within this region, Tabellaria may occasionally appear in 
the sediment collections. 
For practical purposes, this can be considered as a Tabellaria-nega-
tive region (Figures 21 and 22). This area is covered by calcareous Wis­
consin glacial till, lacustrine deposits, loess overlying calcareous Wis­
consin till, and numerous other small areas of various surficial materials 
(Figure 3). Climatic gradients from the first and second regions continue 
into this region, with the climate generally becoming warmer and dryer. 
Under these conditions, chernozem and brunizem soils have formed under the 
168 
influence of the prairie and transitional vegetation (Figure 4). Waters 
occurring in this region include the hardwater lakes of southern Minnesota, 
Iowa, and southern Wisconsin and the medium alkali to alkali lakes of the 
eastern Dakotas and extreme western Minnesota. 
From these findings, it is reasonable to conclude that Tabellaria gen­
erally favors those regions with very softwater to softwater and becomes 
increasingly less able to maintain itself along with other forms in the 
medium hardwater to alkaliwater habitats. Figures 21 and 22 indicate that 
Tabellaria is ubiquitous in the first region with its very softwater to 
moderately hardwater lakes. From the description of the climatic and 
edaphic conditions that exist in each of these areas, it is evident that 
surface waters is a function of these conditions. The geologic and cli­
matic conditions, which have a profound effect on the concentration and 
composition of dissolved substances in surface waters, certainly are of 
paramount importance in limiting the general distribution of the genus. 
Since the transition zone and the Tabellaria-negative zone had sta­
tions where forms of Tabellaria were found only in sediment collections, 
it seems appropriate to consider the possible significance of this phenom­
enon. It could be simply an indication that Tabellaria was present in the 
recent past but no longer grows at those stations, it may have been carried 
in by migrating waterfowl and become temporarily established during a 
favorable season, or those frustules observed were actually those brought 
in by this method. Other possibilities that would serve as explanations 
include its occurrences in such small numbers at the station that it was 
missed in the collections of extant diatoms, it may occur at a restricted 
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site in the lake which was not collected, or it may occur in some abundance 
only during a brief season of the year. 
Whatever the reason for its being found only in the sediment collec­
tions, conditions for the occurrence of Tabellaria appear less favorable at 
these stations than in those where it was encountered consistently in the 
collections of extant diatoms. Despite the uncertainty implied in the 
above discussion, it seems probable that Tabellaria populations exist 
occasionally in the lakes where specimens were encountered only in my sedi­
ment collections. Thus, it seems appropriate to consider these as Tabel-
laria-positive stations in analyzing the chemical and distribution data, 
recognizing that there is a possibility for error in making this assumption. 
Comparisons of Figure 3 with Figures 23, 24, 25 26, and 27 show the 
distribution patterns of the four taxa of Tabellaria recognized in this 
study in relation to the surficial deposits. T. flocculosa strain III is 
ubiquitous in the first distribution region and is the form that accounts 
for the maximum extent of the distribution of the genus in the study area. 
Comparisons of Figure 3 with Figures 24 and 25 show that T. flocculosa 
strain IV and T. fenestrata are restricted to waters in the areas covered 
almost exclusively by non-calcareous Wisconsin glacial till interspaced 
with sandy glacial and eolian deposits. Cursory examinations of Tables 7 
and 9 indicate the general nature of waters occurring in the area inhabited 
by these two taxa. Again, it should be evident that surficial deposits 
affect the general concentration and composition of dissolved solutes of 
these waters and in this way may be important in limiting species distribu­
tion. These waters are for the most part very soft to soft and, in most 
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cases, are dystrophic, but at the limit of the distribution of these taxa, 
some moderately hardwater to hardwater habitats are found. 
The distribution of T. flocculosa strain I relative to the types of 
surficial deposits is shown by a comparison of Figures 3 and 26. The area 
of its general distribution is, as with the previous two taxa, restricted 
to the non-calcareous drift regions of Minnesota and Wisconsin, occurring 
occasionally in the moderately hardwater to the alkali water habitats of 
the study area, as defined by Moyle (1945b), being more indicative of the 
very softwater to moderately hardwater lakes. It is most indicative of 
Bright's (1968) coniferous-deciduous and deciduous forest lakes. It seems 
to have a greater tolerance for the hardwater habitats than T. flocculosa 
strain IV and IT. fenestrata but does not exhibit the tolerance for these 
habitats that %. flocculosa strain III does. 
The basic distribution pattern for the four taxa is sympatric in 
nature, with all four occurring with greatest frequency in the very soft-
water to softwater habitats. 
As a check on the results of the chemical analyses that were done dur­
ing this study and in an effort to identify those factors that were varying 
simultaneously, correlation coefficients between each of the parameters 
were generated. The correlation coefficients between those parameters 
measured during the pattern distribution survey that are significant above 
the 0.05 level of confidence are summarized in Table 25, and the signifi­
cant (0.05) level correlation coefficients between the parameters measured 
during the interval sampling of the nine control stations are summarized in 
Table 26. 
Table 25. Correlation coefficients between the parameters measured during 
the distribution survey. All values listed are significant 
above the 0.05 level of confidence 
Specific Alkalinity 
Hardness con- Phenol- Car- Bicar-
Cal- Magne- due- phthal- bon- Hydrox- bon-
Parameter Total cium sium tance ein ate ide ate Total 
HARDNESS 
Total 1.0 
Calcium .85 1.0 
Magnesium .89 .53 1.0 
SPECIFIC 
CONDUCTANCE .96 .91 .81 1.0 
ALKALINITY 
Phenol-
phthalein - - - - 1.0 
Carbonate - - - - .98 1.0 
Hydroxide - - - - .54 .35 1.0 
Bicarbonate .79 .70 .68 .78 - - - 1.0 
Total .80 .72 .69 .80 - - - .97 
CHLORIDE . 66 .62 .54 .71 .25 .30 - .61 
pH .44 .44 .32 .51 .52 .51 .26 .42 
MANGANESE .26 - .25 .36 .28 .31 - -
IRON - - - - - - - -
SILICA -.29 -.29 -.24 -.33 - - - -.31 
PHOSPHATE - - - - - - - -
NITRATE 
NITROGEN -.27 .28 - .29 - - - .33 
AMMONIA 
NITROGEN - - - - - - - -
SULFATE .81 .61 .77 .73 - - - .32 
1 . 0  
. 6 6  
.54 
.25 
-.31 
.30 
.32 
COPPER 
COLOR 
172 
Ni- Ammo-
trate nia 
Chlo- Manga- Sil- Phos- nitro- nitro- Sul- Cop-
ride pH nese Iron ica phate gen gen fate per Color 
1 . 0  
.32 1.0 
.42 
1 . 0  
1 . 0  
1 . 0  
1 . 0  
-.33 - 1.0 
- .46 
.32 
1 . 0  
1.0 
1 . 0  
Table 26. Correlation coefficients between the parameters measured during 
the interval sampling of the nine control lakes in 1971. All 
values listed are significant above the 0.05 level of confi­
dence 
Specific Alkalinity 
Hardness con- Phenol- Car- Bicar-
Cal- Magne- due- phthal- bon- Hydrox- bon-
Parameter Total cium sium tance ein ate ide ate Total 
HARDNESS 
Total 1.0 
Calcium .90 1.0 
Magnesium .93 .66 1.0 
SPECIFIC 
CONDUCTANCE .97 .86 .91 1.0 
ALKALINITY 
Phenol-
phthalein - - .23 - 1.0 
Carbonate - - .23 - 1.0 1.0 
Hydroxide - - - - - 1.0 
Bicarbonate .98 .90 .89 .96 - - - 1.0 
Total .99 .89 .91 .97 - - - .99 1.0 
CHLORIDE .58 .29 .72 .58 - - - .51 .53 
pH .62 .56 .56 .60 .35 .35 .60 .64 
MANGANESE - - - - - - - - -
IRON -.35 -.30 -.34 -. 36 - - - -.37 -.38 
SILICA .67 .49 .71 .65 - - - . 66 .67 
PHOSPHATE .29 .23 .29 .27 - - - .25 .24 
NITRATE 
NITROGEN - - -.22 - - - - - -
AMMONIA 
NITROGEN - - - - - - - - -
SULFATE .39 .20 .49 .43 - - - .35 .35 
COPPER - - - - - - - - -
COLOR -.54 1 00
 
-.49 -.55 - - - -.57 -.58 
174 
Ni- Ammo-
trate nia 
Chlo- Manga- Sil- Phos- nitro- nitro- Sul- Cop-
ride pH nese Iron ica phate gen gen fate per Color 
1 . 0  
. 6 2  
.39 
.64 
-.23 
1 . 0  
-.50 
.40 
-.33 
-.61 
1 . 0  
.45 
1 . 0  
,33 
1 . 0  
.25 
.52 
.47 -.49 
1 . 0  
1 .0  
.39 
1.0 
1 . 0  
1.0  
1 . 0  
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An examination of both these tables shows that the major chemical con­
stituents (pH, alkalinity, specific conductance, hardness, and chloride) 
that have been used traditionally to describe the ecology of diatoms vary 
simultaneously. To separate the effects of these parameters in order to 
determine which one may be limiting the distribution of Tabellaria in the 
study area would be difficult. It is evident that the "factor complexes" 
described by Hustedt (1956) are operational in the study area. Also, 
Tailing's (1962) observation that many significant factors vary simulta­
neously and their separation by a correlation analysis would be incomplete 
seems to be the case here. 
Comparison of Tables 25 and 26 shows some inconsistencies. In Table 
25, there are significant negative correlations between silica concentra­
tion and the values given for hardness, conductivity, and alkalinity and no 
correlation between silica concentration and pH values. However, in Table 
26 there are significant positive correlations between silica and these 
parameters. Bright (1968) found for the surface waters of Minnesota that 
the relationships between pH and silica and salinity and silica were such 
that those stations with the highest salinity and pH have the greatest con­
centrations of silica. The results of the silica analyses from the pattern 
distribution did not show this relationship, however, when all the data 
from the nine control lakes were pooled and the correlation coefficients 
generated, the expected positive relationship between silica and these four 
parameters was realized. It would be appealing to disregard the silica 
analyses from the pattern distribution because they do not conform to the 
expected relationship, especially when the expected outcome emerged in the 
analysis of the data from the interval sampling. However, the fact that 
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the negative correlations from the data collected in the pattern distribu­
tion were significant above the 0.05 level makes a decision like this 
untenable. At this time I have no plausible explanation for the inconsis­
tency except that in the interval sampling the silica analyses were done in 
a laboratory under carefully controlled temperature conditions, where in 
the pattern distribution the silica analyses were performed in the field 
under less rigidly controlled conditions. For this reason, I would place 
more confidence in the silica relationship shown in Table 26. 
Another discrepancy between the two series of correlation coefficients 
is with respect to the iron concentrations. In Table 25, the pattern dis­
tribution survey, there is no significant correlation between iron and any 
other parameters measured. In Table 26, the interval sampling, there are 
significant negative correlations between iron and the values for hardness, 
alkalinity, conductance, and pH. This is the expected relationship. 
Bright (1965) found a similar result for the surface waters of Minnesota, 
and Tailing (1962) and Lund (1965) and others have observed with lower pH 
values more iron can remain in solution. 
Another interesting correlation is the one between iron and color 
shown in Figure 26. There is a significant positive correlation between 
these two parameters. The color in these waters is due to the presence of 
J 
humâtes. Gjessing (1964) and Shapiro (1964, 1967) have shown that humic 
acids are capable of reducing iron to the soluble ferrous state or they are 
capable of chelating or peptizing the ferric iron and maintaining it avail­
able in natural waters. Also, the correlation between color and pH indi­
cates that those lakes with the most intense color are the ones in the 
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lower pH ranges, which would permit the inference that those with lowest 
pH values are the highest in humic acid content. 
Figures 23-27, Tables 5-14, Figures 28-31, and Tables 23 and 24 indi­
cate that these four taxa have somewhat different ecological amplitudes. 
However, with reference to the four parameters represented in Figures 27-30, 
it is evident that all four taxa have their greatest frequency of occur­
rence in waters which are similar with respect to these parameters. All 
taxa were encountered most frequently in waters of lowest pH, specific con­
ductance, alkalinity, and total hardness. The correlation coefficients in 
Table 13 and the F values in Table 14 also indicate that all taxa recog­
nized in this study seem to prefer these conditions. 
Figures 29, 30, and 31 and Tables 23 and 24 indicate that T. fene-
strata is restricted to environments in the lowest two alkalinity, specific 
conductance, and har \ iS classes, with low chloride and sulfate conditions. 
Figure 28 indicates that T. fenestrate occurred most frequently in waters 
with pH values between 7.0 and 7.9. It should be noted that Figure 28 has 
to be treated with some caution since the first pH interval (6.0-6.9) has 
only seven stations in that range. Nevertheless, from this information 
T. fenestrate would have to be considered an acidophilic organism in spite 
of the 7.6 average pH value for the waters in which this taxon occurred. 
The total range of chemical conditions over which this taxon was 
encountered is summarized in Table 7, and for comparison a summary of the 
stations where this taxon was not encountered is presented in Table 8. The 
information in Tables 13 and 14 provides the statistical comparison of the 
data presented in Tables 7 and 8. From this information, one can conclude 
that if this organism is to be used as an indicator, it should be consid­
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ered an acidophilic, halophobic, and oligo-dystrophic form, characteristic 
of waters with low specific conductance. As was discussed previously, most 
comments on this taxon in the literature are imprecise, and any statements 
concerning its ecology should be treated with caution. However, most 
authors seem in agreement as to the general ecological disposition of this 
taxon as given above. 
The conclusion that T. fenestra ta is an acidophilic form is shared by 
Hustedt (1956), Foged (1954), Merilainen (1969), and Nygaard (1956). How­
ever, in all of these cases, the above workers apparently included what is 
considered T. flocculosa strains I and III in their concept of T. fene-
strata. Patrick and Reimer (1966) considered T. fenestrate as preferring 
circumneutral waters; the data in this study might support their supposi­
tion except that the greatest frequency of occurrence was found to be in 
waters below pH 7, and this would place it in the acidophilic category. 
Of the four parameters plotted in the histograms in Figures 28-31, 
T. fenestrate occurred in waters in all pH categories, whereas with the 
other three parameters plotted it was restricted to the lowest two fre­
quency intervals. 
Because of a greater sensitivity to biological influences, pH is more 
variable than the other parameters and, in this respect, is not as stable a 
factor to consider as the other three parameters. This has been the find­
ing of numerous other authors investigating pH as a factor determining dis­
tribution (Hustedt, 1956; Merilainen, 1969). %. fenestrate could be con­
sidered as a reasonably reliable indicator of acid conditions, but as 
Cholnoky (1968) observed for the whole genus, it would be a better indica­
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tor of acid waters if it were found in high frequencies in association with 
other diatoms recognized as being indicative of acid conditions. 
The alkalinity range of the waters in which this taxon was encountered 
is somewhat greater than was observed by Knudson (1954) in her studies in 
the English Lake District. She found that the maximum alkalinity value 
recorded for waters in which she encountered this taxon was 37.4 mg/1 as 
CaCOg, and in this study the maximum alkalinity value for this species was 
120 ppm as CaCO^, with a mean value of 45 ppm for all waters where it was 
encountered. 
If specific conductance and alkalinity are used as indices of produc­
tivity, then T. fenestrata would have to be considered an oligo-dystrophic 
organism. It should be recalled that the very softwater lakes where all 
four taxa were encountered together were observed to be dystrophic, 
although the color intensity was not measured during the distribution sur­
vey. 
The numerous references to 2- fenestrata as an indicator of more 
eutrophic waters seems to be somewhat contradictory to the findings of this 
study. However, when one closely examines the literature, it is evident 
that in most cases these authors are considering the form recognized in 
this study as %. flocculosa strain III, or var. asterionelloides, and fur­
ther discussion relevant to this taxon is deferred to later. 
In relation to the form recognized in this study as T. fenestrata, 
Patrick and Reimer (1966) indicated that this taxon preferred mesotrophic 
to eutrophic waters. As far as the area of this study is concerned, this 
assessment of its ecology cannot be supported. Brook's (1971) observation 
that T. fenestrata occurs in only the most oligotrophic waters seems to be 
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more accurate, although I did encounter it in waters with alkalinity values 
of up to 120 ppm and specific conductance values of up to 290 micro mhos/cm. 
Another difficulty in assessing the trophic spectrum of this taxon lies in 
the uncertainty with regard to what each of the authors considers as the 
boundaries between the trophic categories and what indices they are using 
to infer trophic status. 
In terms of Moyle's (1945b) lake groupings, T. fenestrata occurred in 
the very softwater ot medium hardwater lakes, being more indicative of the 
very softwater and softwater conditions. With reference to Bright*s (1968) 
classification of Minnesota lakes, %. fenestrata is indicative of the coni­
ferous-deciduous forest lakes. 
T. flocculosa strain IV and 2- fenestrata have approximately the same 
distribution in the study area. T. flocculosa strain IV was encountered in 
only two cases at stations where %. fenestrata was absent, and T. fene­
strata was encountered in only four cases at stations where strain IV was 
absent. This observation along with a comparison of the distribution maps 
for these two taxa (Figures 24 and 25) illustrate further the similarity of 
their distribution patterns. Also, comparisons of the summaries of the 
chemical parameters in Tables 7 and 9, the histograms in Figures 28-31, 
Tables 23 and 24, and the correlation coefficients and F values presented 
in Tables 13 and 14 serve to emphasize the great degree of similarity of 
the habitats of these two taxa. From these results, it may be concluded 
that the characteristics given above for T. fenestrata are equally appli­
cable to this taxon. Thus, 2- flocculosa strain IV should be considered as 
an acididophilic, halophobic, oligo-dystrophic form characteristic of 
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waters with low specific conductance. When used as an indicator organism, 
the same caution has to be exercised as is outlined for T. fenestrata. 
T. flocculosa strain IV is not too difficult to characterize ecologi­
cally from the literature. It is rather distinctive, and when an author 
refers to it as the form described in Hustedt's work as T. flocculosa, 
there can be little doubt about which form of Tabellaria he is considering. 
However, if the author lists only T. flocculosa var. flocculosa and is 
using Knudson's concept of the genus without illustrating the form he is 
considering, it immediately becomes confused with strains I and III which, 
as will be seen, have somewhat different ecological spectra. 
The conclusions given above for %. flocculosa strain IV are shared by 
most authors. Foged (1947a, 1947b, 1948a, 1948b, 1954, 1964), Merilainen 
(1969), Neissen (1956), Nygaard (1956), and Hustedt (1930-1956) all con­
sider this strain as an acidophilic form. Patrick and Reimer (1966) state 
that the shorter forms of T. flocculosa prefer the acid waters of bogs, and 
I assume they are referring to strain IV with this statement. In Knudson's 
(1954) report on alkalinity and the distribution of %. flocculosa var. 
flocculosa, it is difficult to determine just what the alkalinity range for 
strain IV would be in the English Lake District because she places all of 
these strains into that taxon, discusses them as one group, and considers 
it a morphologically variable taxon. In terms of salinity, Neissen (1956), 
Round (1960), and Quennerstedt (1955) observed that strain IV occurred in 
waters of low conductivity, and Foged (1948b) and Peterson (1943) indicated 
it was an halophobic form. 
Figures 29, 30, and 31, Tables 11, 23, and 24, and the correlation 
coefficients and F values in Tables 13 and 14 indicate that T. flocculosa 
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strain I prefers those habitats with low alkalinity, conductivity, hardness, 
chloride, and sulfate concentrations. Figure 28 shows that while this 
taxon occurs most frequently in waters of lower pH values, it can be found, 
like T. fenestrata and flocculosa strain IV, in waters of high pH values; 
in this study it was found over the pH range of 6.0 to 9.9. In relation to 
the parameters of alkalinity, conductivity, and hardness, it is evident 
from Figures 29, 30, and 31 that it exhibits a somewhat broader tolerance 
to these factors than T. fenestrata and T. flocculosa strain IV. The 
ranges of chemical conditions over which strain I was encountered in this 
study are summarized in Table 11, and, for comparison, the chemical condi­
tions of the waters for the stations where it was not encountered are pre­
sented in Table 12. The information in Tables 13 and 14 provides the sta­
tistical of the data presented in Tables 11 and 12. 
From this information, one can conclude if T. flocculosa strains I is 
used as an indicator, it should be considered as an acidophilic, halophobic, 
oligo-dystrophic to mesotrophic form most characteristic of waters with low 
specific conductance. As an indicator of these conditions, due to its 
greater tolerance for different types of waters than is exhibited by 
T. flocculosa strain IV and fenestrata, it would be less valuable than 
those taxa. 
T. flocculosa strain I is not sharply delineated in the literature. 
Specimens are treated as T. fenestrata var. intermedia if Hustedt's concept 
is being employed or as part of T. flocculosa if Knudson's concept is used, 
T. flocculosa strain III has the widest distribution of all of the 
forms encountered in the study. The information presented in Figures 29, 
30, and 31, Tables 5, 23, and 24, and the correlation coefficients and 
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F values presented in Tables 13 and 14 indicate that 2- flocculosa strain 
III grows well in habitats with low alkalinity, specific conductance, hard­
ness, chloride, and sulfate concentrations but has a much greater tolerance 
for variation in these parameters than the other three taxa. Thus, its 
ecological amplitude is somewhat greater. The ranges of chemical condi­
tions over which this taxon was encountered during this study are summa­
rized in Table 5, and for comparison, a summary of the parameters of the 
waters for those stations where it was not encountered in presented in 
Table 6. The information in Tables 13 and 14 provides the statistical com­
parison of the data presented in Tables 5 and 6. From this information, 
one can conclude that it apparently has a preference for waters with low 
pH, alkalinity, hardness, chloride, and sulfate, and its tolerance of mod­
erate ranges of these parameters indicate that it should be considered an 
acidophilic to indifferent form as far as pH is concerned, a halophobic to 
indifferent form in the halobian spectrum, and an oligo-dystrophic to eutro-
phic form as far as general nutrient status is concerned, preferring waters 
with low to moderate specific conductance. 
These conclusions on the ecological emplitude of this taxon would be 
supported by most authors. The literature is confused because this is the 
T. fenestrata reported in ecological works by many authors. Some authors 
consider T. flocculosa strain III an acidophilic organism (Hustedt, 1956; 
Foged, 1954), whereas others classify it as a pH indifferent form (Allen 
and VanLandingham, 1970). When one examines the range of pH values over 
which this taxon is found in this study, it is not difficult to understand 
why authors disagree on its position in the pH spectrum. The results of 
this study tend to indicate that it achieves its widest distribution in 
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waters below pH 7 and, in this respect, would have to be considered an 
acidophilic form. 
Hustedt (1930, 1931), Huber-Pestalozzi (1942), and other authors indi­
cate that this taxon occurs occasionally in weakly brackish waters, and 
Neissen (1956) considered it as a salt indifferent form. Foged (1948b) 
classified it as haliphobic. Again, as with pH, because of the great 
diversity of habitats in which it occurs, it is difficult to place it in . 
one of the categories in the halobian spectrum, but because of its apparent 
preference for waters of low salinity, it technically should be considered 
a halophobic form. 
In terms of alkalinity, in this study T. flocculosa strain III 
occurred in an alkalinity range between 5 and 205 ppm as CaCO^. Knudson 
(1954) found that T. flocculosa var. flocculosa occurred in waters of up to 
112 mg/1 as CaCOg. Thus in the study area, T. flocculosa strain III 
appears to have a much broader range of tolerance for this parameter than 
was found to be the case in the English Lake District. 
TC. flocculosa strain III is the form recognized in most ecological 
literature as the planktonic T. fenestrata and is considered as an indica­
tor of the eutrophication process. In this study, this form did occur in 
some of the more mesotrophic to eutrophic waters in the study area. It is 
common and reaches its maximum frequency of distribution in the more oligo-
dystrophic to mestrophic waters. The results of this study do not clarify 
the status of T. flocculosa strain III as an indicator of eutrophication 
because those waters with the lowest concentrations of the indices of eutro­
phication used in this study had large populations of this taxon. This was 
found to be the case in the English Lake District also (Knudson, 1954). 
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However, based on the results of this study and the results reported by 
other authors, it does seem appropriate to propose some possible explana­
tion for the occurrence of this organism in waters with a high trophic 
status when it seems to prefer oligo-dystrophic waters. 
The results of this study and the findings of Brook (1971), Round and 
Brook (1959), and Round (1960) indicate that T. flocculosa strain III 
achieves its maximum distribution in oligo-dystrophic waters. Yet, as 
Schroter (1896) and Lehn (1969) observed, the appearance of large numbers 
of this taxon can be related to an increase in the trophic status of the 
waters of the Zurchsee and the Bodensee. One plausible explanation for 
this phenomenon is that the enrichment of the waters caused the stimulation 
of the growth of other diatom species requiring the higher nutrient environ­
ments. Due to their extensive growth, they depleted the nutrient level of 
the water below what it had been prior to the enrichment, and the induced 
oligotrophic conditions favored the growth of Tabellaria. The occurrence 
of Tabellaria flocculosa strain III and var. asterionelloides following 
large blooms of other diatoms was observed by Pearsall (1932) and Lund 
(1950a, 1950b). Kilham's (1971) hypothesis on silica uptake described pre­
viously could possibly help explain the occurrence of this taxon in appar­
ently eutrophic waters. In the present study, the distribution survey data 
on silica did not show the expected relationship between the indices of 
eutrophication used and the concentration of silica in the waters tested. 
However, the data from the chemical investigations during the interval 
sampling did show the expected relationship that Bright (1968) reported for 
Minnesota waters, the relationship being that in environments with higher 
concentrations of dissolved ions and higher pH values the concentration of 
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silica is higher. This would indicate that the waters in which all four 
taxa occur most frequently have lower silica concentrations than the waters 
where they are absent, but the correlation coefficients and F values 
between silica and the occurrence of Tabellaria species found during the 
distribution survey were not significant above the 0.05 level. 
The broad ecological amplitude of T. flocculosa strain III makes it 
less valuable as an indicator organism than the other three taxa recognized 
in this study. 
In some studies the ecological implications of community structure are 
considered at the genus level. However, Weber (1972) considers this a 
pointless exercise. In the present study, the infraspecific taxonomy had 
to be considered in detail to the point where strains of one variety were 
found to have differences in ecological amplitude and morphology. If the 
strains of T. flocculosa var. flocculosa recognized in this study were con­
sidered as one taxonomic unit, the information on its occurrence would be 
basically meaningless. However, the separation of this variety into its 
three morphologically distinguishable strains and the analyses of the 
waters where they are encountered indicate that they also are ecologically 
dissimilar. Since these forms can be recognized as different taxa and they 
do have somewhat different ecological amplitude, they are more useful as 
indicators of various water types than if they were treated as one taxon. 
This clearly points out the importance of Lund's (1957) observation that in 
this respect taxonomy is the basis of ecology. 
The confusion in the literature with regard to the name 2- fenestrata 
has resulted in many conflicting conclusions about the ecology of the taxon 
and its importance as an indicator. 
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There is some disagreement on the taxonomic characters that should be 
used to delimit the species and varieties of Tabellaria. Traditionally the 
architecture of the valve surface is the basis for the taxonony of diatoms. 
However, Knudson (1952) has partially defined the taxonomy of the genus on 
the basis of colonial structure. In this study the stellate or spiral 
forms were not encountered so I cannot judge the validity of this criterion. 
However, if one is attempting to infer past changes in aquatic habitats 
from sediment cores, colonial morphology is useless as a taxonomic charac­
ter because it is not preserved in the cores. 
There is some question on the genetic stability of the characters used 
in the taxonomy of diatoms. Trainor (1972) showed that in the genus Cyclo-
tella, the wall morphology characters which were thought to be the most 
stable will change with different environmental conditions. In the genus 
Tabellaria, for example, the concept of definite and indefinite frustule 
formation used by Knudson (1952) would be subject to some doubt in that the 
number of intercalary bands present in a cell could be the result of envi­
ronmental influences. However, the potential to produce more than four 
intercalary bands could be a valid taxonomic character. Knudson (1952) 
describes T. quadriseptata as being different from T. flocculosa in that it 
has the potential to form only four intercalary bands by the time of cell 
division, but this could be merely a function of the restricted environment 
from which the taxon was reported. I have examined paratypes of this taxon 
from the British Museum in London, and the surface morphology of the valves 
and the nature of the intercalary band structure lead me to believe that it 
is a variety of T. flocculosa which may not have expressed its potential 
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for producing more than four intercalary bands because of the restricted 
environmental conditions in which it was found. 
Once the morphological limits of a taxon are delimited, one can inves­
tigate the natural conditions under which it occurs and attempt to deter­
mine its specific nutrient requirements. Results of investigations of the 
natural habitat where a taxon occurs have to be treated with caution since, 
as Tailing (1962) observed, the results of such investigations can rarely 
be used to establish the response of a particular species to a single fac­
tor. However, he recognizes that studies such as these can be valuable in 
establishing the range of nutrient conditions under which a taxon can exist 
in nature. In my study, the multifactorial nature of the environment is 
apparent, and many of the significant factors vary simultaneously. Separa­
tion of these factors by the correlation analysis used is incomplete for 
this reason. To attempt to isolate any one chemical factor as limiting the 
distribution of the forms of Tabellaria in the study area would be futile, 
but the results of this study do show the range of chemical conditions over 
which the forms of this genus can exist. I would conclude from this study 
that the basic factors limiting the distribution of Tabellaria in the study 
area are geologic. It is obvious that the nature of the surficial deposits 
and the climatic gradients affect the concentration and composition of the 
dissolved substances in these waters. It could be that the availability of 
some micronutrient such as iron or manganese would be the actual limiting 
element, but as discussed earlier, the gross nature of the water as deter­
mined by the geologic and climatic conditions affects the availability of 
these micronutrients. The tolerances and nutrient requirements of species 
can be investigated in cultures in the laboratory or ^  situ. Cannon, Lund, 
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and Sieminska (1961) attempted to investigate the environmental tolerances 
of T. flocculosa by iji situ culture. However, although the advantages of 
controlled culture conditions are evident, the results of these studies 
have to be treated with caution because it is virtually impossible to 
duplicate the conditions that exist in the natural environment. 
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SUMMARY 
1. The morphologic variability of the forms of the genus Tabellaria 
encountered in the study area was established. Both light and electron 
microscope techniques were used, and a replica method for examination 
of the frustule with the electron microscope was perfected. Taxonomi-
cally significant characters that can be correlated with characters 
visible with the light microscope were identified, 
2. As a result of taxonomic interpretation of the forms of Tabellaria 
encountered in the study, four taxa were recognized. The limits of the 
species T. fenestrata as defined by Knudson (1952) were confirmed with 
both light and electron microscopy. The taxon T. flocculosa (Roth) 
Kiitz. var. flocculosa as recognized by Knudson (1953b) was found to be 
composed of three morphologically distinguishable strains in the sam­
ples from the study area. These four taxa were compared with those 
discussed in the literature so valid comparisons could be made between 
this study and those of the other authors. 
3. The geographic distributions of the four taxa recognized in the investi­
gation were determined for the study area. This distribution pattern 
was found to be sympatric, with all forms having their greatest fre­
quency of occurrence in the very softwater, oligo-dystrophic habitats 
of the portion of the study area covered by the non-calcareous surfi-
cial deposits. fenestrata and T. flocculosa (Roth) Kiitz. var. floc­
culosa strain IV were found to have almost identical distribution pat­
terns, being restricted to these very softwater habitats in the regions 
of non-calcareous surficial deposits. T. flocculosa (Roth) Kiitz. var. 
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flocculosa strain I has a somewhat greater tolerance for the moderately 
hardwater habitats of the calcareous drift areas. T. flocculosa (Roth) 
Kutz. var. flocculosa strain III exhibited the greatest ecological 
amplitude. It was more tolerant of the hardwater to alkali water habi­
tats than the other forms, and its distribution was ubiquitous in 
distribution region 1 as defined previously. The margin of the distri­
bution of this taxon is defined as the "Tabellaria line." The very 
hardwater and alkali water habitats appeared to limit the distribution 
of this taxon and hence the genus. 
4. The range of conditions under which each of the four taxa recognized in 
this study occurred was determined for numerous chemical parameters. 
The relative value of each taxon as an indicator of various types of 
water is discussed. The conclusion one would draw is that those taxa 
with the most restricted distribution and ecological amplitude would be 
the most precise indicator species. In this respect, %. fenestrata and 
T. flocculosa (Roth) Kutz. var. flocculosa would be the most valuable 
as indicators of acidic, soft, oligo-dystrophic waters with low spe­
cific inductance. 
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APPENDIX 
Table 27. Samples taken during distribution survey. The forms of 
Tabellaria encountered in each sample are indicated with a (+) 
if present and with a (-) if absent 
Station Sample Name of 
no. no. Date station Description of sample 
8/17/69 Lake Shetek Minnesota, Murray Co., 100 m 
south of the Lake Shetek 
Monument, on the west shore 
lAl Plankton-taken from near 
shore 
IBI Plant scrape-sedges, logs, 
and algae filaments 
ICI Rock scrape-Cladophora fila­
ments attached to rock and 
scrape from submerged rocks 
and some in splash zone 
IDl Bottom sediments-taken from 
near shore in 70 cm of water 
8/17/69 Lake Benton Minnesota, Lincoln Co., 1 mi 
north of Hwy. 14, SE Shore 
of lake 
2A1 Plankton-taken from near 
shore 
2B1 Plant scrape-woody twig in 
water and squeezings from 
mass of Cladophora 
2Ci Rock scrape-submerged in 
30 cm water 
2D1 Bottom sediments-taken from 
25 m from shore, sand bottom 
8/19/69 Lac qui Parle Minnesota, Swift Co., north 
Lake end of lake on east side of 
Hwy. 19 bridge 
3A1 Plankton-near shore in 50 cm 
of water 
3B1 Plant scrape-Potamogeton in 
20 cm of water 
3C1 Rock scrape-south side of 
backwash 
3D1 Bottom sediments-taken near 
shore in 10 cm of water, 
silt bottom 
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Forms of Tabellaria encountered in sample . 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III . Strain IV 
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
8/19/69 Middle Pomme 
De Terre 
Lake 
4A1 
4B1 
4C1 
4D1 
Minnesota, Stevens Co., 
channel between the north 
and south basins of Middle 
Pomme De Terre Lake 
Plankton-taken from bridge 
over channel 
Plant squeeze-Myriophyllum, 
from 25 m east of bridge, 
60 cm of water 
Scrape-from piling on bridge 
Bottom sediments-taken from 
25 m east of bridge, 60 cm 
of water 
8/19/69 Lake Lizzie 
5A1 
5B1 
5C1 
5D1 
Minnesota, Otter Tail Co., 
North shore of lake, 50 m so 
of Hwy. 59 
Plankton-25 m from shore 
Plant squeeze-Ceratophyllum 
and Potamogeton 
Scrape-from pier pilings 
Bottom sediments-taken 35 m 
from shore in 60 cm water, 
sand bottom 
8/20/69 Balsam Lake 
6B1 
Minnesota, Becker Co., south 
side of lake, from Cyperacean 
mat 
Weed squeeze-from edge of 
mat 
8/20/69 Kerr Lake 
7A1 
7B1 
Minnesota, Cass Co., 6 mi 
east of Hackensack, north 
shore of lake next to Cass 
Co. No. 5 
Plankton-taken from boat in 
middle of lake 
Plant scrape-Potamogeton and 
Scirpus 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrate Strain I Strain III Strain IV 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
7C1 
7D1 
8/20/69 Birch Lake 5 
8A1 
8B1 
8C1 
8D1 
Scrape-from old pier in 
70 cm of water 
Bottom sediments-from 60 cm 
of water 
Minnesota, Cass Co., East 
shore of lake in city limits 
of Hackensack, sand beach 
Plankton-from near shore 
Plant squeeze-Potamogeton 
Rock scrape-no description 
Bottom sediments-sandy bottom 
8/20/69 Leech Lake 
9A1 
9B1 
9C1 
9D1 
Minnesota, Cass Co., south­
west shore of lake, small 
inlet 
Plankton-from near shore 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-from log in 20 cm of 
water 
Bottom sediments-5 m from 
shore, silt bottom in 80 cm 
of water 
10 8/20/69 Lower Red 
Lake 
lOAl 
lOBl 
lOCl 
lODl 
Minnesota, Beltrami Co., 
south shore of lake next to 
school bldg. 
Plankton-from near shore 
Plant sgueeze-Cladophora 
filaments and aquatic macro­
phytes 
Rock scrape-rocks along 
shore and old log submerged 
in water 
Bottom sediments-near shore 
from 50 cm water 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 27. (Continued) 
Station Sample 
no. no. Date 
Name of 
station Description of sample 
11 8/20/69 Lake Bemidji 
llAl 
llBl 
llCl 
llDl 
12 8/21/69 Cass Lake 
12A1 
12B1 
12C1 
12D1 
13 8/21/69 Ball Club 
Lake 
13A1 
13B1 
13C1 
13D1 
14 8/21/69 Trout Lake 
14A1 
Minnesota, Beltrami Co., 
public access beach, south 
shore of lake 
Plankton-from end of public 
pier 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-from cement and wood 
pilings on pier 
Bottom sediments-taken from 
80 cm of water near shore, 
sand bottom 
Minnesota, Cass Co., south 
shore of main lake, next to 
bridge of Minn. Hwy. 2 
Plankton-taken from near 
shore 
Plant squeeze-Myriophyllum 
and Potamogeton 
Rock scrape-near shore 30 cm 
of water 
Bottom sediments-near shore 
30 cm of water 
Minnesota, Itasca Co., pub­
lic access on south shore of 
lake 
Plankton-taken from 50 m out 
from shore 
Plant squeeze-Potamogeton 
and Hipprus 
Scrape-from old wooden plank 
in water 
Bottom sediments-sand bottom 
Minnesota, Itasca Co., pub­
lic access in city limits of 
Colerane, small inlet 
Plankton-from near shore 
212 
Forms of Tabellaria encountered in sample 
2" flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ 
+ 
+ 
+ 
- + 
+ 
+ 
+ + 
+ 
+ + 
+ 
Table 27. (Continued) 
Station Sample 
no. no. Date 
Name of 
station Description of sample 
14B1 
14C1 
14D1 
15 8/21/69 Lake 
Vermillion 
15A1 
15B1 
15C1 
15D1 
16 8/21/69 Birch Lake 
16A1 
16B1 
16C1 
16D1 
17 8/21/69 Stony River 
18 
17A1 
17B1 
17C1 
17D1 
18A1 
8/21/69 Lake Superior 
Plant squeeze-Utricularia 
and Nymphaea 
Scrape-old portion of fence 
submerged in 30 cm water 
Bottom sediments-50 cm of 
water near shore, silt 
Minnesota, St. Louis Co., 
south shore of Pike Bay, 
1.8 mi west of Tower 
Plankton-taken from pier 
Plant squeeze-algae fila­
ments attached to rocks 
Rock scrape-in 30 cm water 
near shore 
Bottom sediments-near shore 
1 m of water 
Minnesota, Lake Co., 15 mi 
east of Ely at public access 
east of dam on Hwy. 1 
Plankton-close to shore 
Plant scrape-Sagittaria, 
from 60 cm water, near shore 
Scrape-from rocks and old 
log in 40 cm of water 
Bottom sediments-from near 
shore, 40 cm water 
Minnesota, Lake Co., east 
end of Hwy. 1 bridge, riffle 
Plankton-from flowing stream 
Plant scrapings-Sagittaria 
Rock scrape-in strong current 
Sediments-small backwash 
Minnesota, Lake Co., Sever 
Bay, public access 
Plankton-from near shore 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ 
Sample missing 
+ - - + 
+ + + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
18B1 
18C1 
18D1 
19 
19A1 
19B1 
19C1 
19D1 
Plant squeeze-algae fila­
ments 
Rock scrape-near shore 
Sediment sample-from 50 cm 
water near shore, gravel 
8/22/69 Kettle Lake Minnesota, Carlton Co., pub. 
access 5 mi so Hwy. 20, small 
inlet, silt bottom 
Plankton-taken from near 
shore 
Plant squeeze-Utricularia 
Scrape-rock and log in 20 cm 
of water 
Bottom sediments-near shore 
20 cm water, silt bottom 
20 8/22/69 Pine Lake 
20A1 
20B1 
20C1 
20D1 
Minnesota, Aitkin Co., pub. 
access 3 mi north of Bennett-
ville, west of Hwy. 169 
Plankton-taken 30 yds from 
shore 
Plant scrape-Scirpus culms 
Scrape-rocks and old log 
near shore 
Sediments-60 cm water, 30 m 
from shore, sand bottom 
21 8/22/69 Lake Mille Minnesota, Mille Lacs Co., 
Lacs south shore of lake, 3 mi 
east of Hwy. 169, public 
access 
21A1 Plankton-taken 30 m from 
shore 
21B1 Plant scrape-numerous 
aquatic macrophytes 
21C1 Rock scrapes-no description 
21D1 Bottom sediments-taken 30 m 
from shore in 80 cm water 
216 
Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
- + + + 
+ + + + 
Table 27. (Continued) 
Station Sample 
no. no, Date 
Name of 
station Description of sample 
22 8/22/69 Knife Lake 
22A1 
22B1 
22C1 
22D1 
Minnesota, Kanabec Co., pub­
lic access adjacent to Hwy. 
65, east shore of lake 
Plankton-taken from near 
shore 
Plant squeeze-Cladophora and 
Myriophyllum 
Rock scrape-near shore in 
20 cm water 
Bottom sediments-from 60 cm 
of water 
23 8/23/69 Lake Geneva 
23A1 
23B1 
23C1 
23D1 
^4 8/23/69 
24A1 
24B1 
24C1 
24D1 
Minnesota, Freeborn Co., 
east shore of lake at public 
access 
Plankton-from near shore 
Plant squeeze-Cladophora and 
Potamogeton 
Scrape-rocks and some emer­
gent aquatic macrophytes 
Bottom sediments-from near 
shore, 60 cm water 
Minnesota, Freeborn Co., 
island in lake, north basin 
of lake 
Plankton-from south shore of 
island 
Squeeze-Cladophora filaments 
attached to submerged rocks 
Rock scrape-from 40 cm of 
water 
Bottom sediments-taken from 
near island in 60 cm water 
25 
25A1 
8/24/69 Green Lake Minnesota, Kandiyohi Co., 
south east shore of lake 
Plankton-from end of pier 
10 m from shore 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ 
•h 
4-
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
25B1 Plant squeeze-Cladophora 
filaments 
25C1 Rock scrape-next to shore 
20 cm water 
25D1 Bottom sediments-from 40 cm 
water, sand and gravel bot­
tom 
26 8/24/69 Lake Minnesota, Meeker Co., north 
Washington shore of lake at public 
access 
26A1 Plankton-taken 25 m from 
shore in 1 m of water 
26B1 Plant squeeze-numerous 
aquatic macrophytes 
26C1 Rock scrape-small rock in 
20 cm water 
26D1 Bottom sediments-1 m water 
25 m from shore 
27 8/24/69 Lake Marion Minnesota, McLeod County, 
east shore of lake at public 
access by Hwy. 15 
27A1 Plankton-taken from shore 
27B1 Plant squeeze-Cladophora 
filaments from rocks 
27C1 Rock scrape-near shore in 
30 cm water 
27D1 Bottom sediments-in 60 cm 
water, sand and gravel 
28 8/25/69 Lake Minnesota, Le Sueur Co., 
Washington public access west shore of 
lake 
28A1 Plankton-taken from near 
shore 
28B1 Plant squeeze-Cladophora 
filaments and numerous other 
aquatic macrophytes 
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Station Sample Name of 
no. no. Date station Description of sample 
28C1 
28D1 
29 8/25/69 Madison Lake 
29A1 
29B1 
29C1 
29D1 
30 
30C1 
31 
9/2/69 Eddy Lake 
8/27/69 Kawishiwi 
River 
31C1 
31D1 
32 9/2/69 Kekekabic 
Lake 
32C1 
33 8/26/69 Tarry Lake 
33A1 
Rock scrape-numerous rocks 
in water near shore 
Bottom sediments-taken from 
20 cm of water 
Minnesota, Blue Earth Co., 
west shore of lake next to 
Minn. Hwy. 60 
Plankton-taken from end of 
pier 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-rocks in water and 
pier pilings 
Bottom sediments-from 60 cm 
water, sand bottom 
Minnesota, Lake Co., at por­
tage to Jean Lake 
Rock scrape-with algae fila­
ments (J. Loescher) 
Minnesota, Lake Co., north 
fork of river 
Rock scrape-in 10 cm of 
water 
Bottom sediments-mucky bot­
tom overlaying bedrock 
Minnesota, Lake Co., no 
description of site 
Rock scrape-in 30 cm of 
water (J. Loescher) 
Minnesota, Lake Co., no 
description of site 
Composite sample 
(J. Loescher) 
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Station Sample 
no. no. Date 
Name of 
station Description of sample 
34 
34A1 
35 
35A1 
36 
36A1 
37 
37A2 
37B2 
37C2 
37D2 
38 
9/ /69 Echo Lake 
10/6/69 
10/5/69 
5/6/70 
5/7/70 
38A2 
38B2 
38C2 
38D2 
Yellow River 
Bog Area 
St. Croix River 
Upper Iowa 
River 
Lake Pepin 
Wisconsin, Burnett Co., west 
side of lake at public 
access 
Plankton-no description 
(R. Lowe) 
Wisconsin, Burnett Co., no 
description 
No description of sample 
(J. Hungerford) 
Minnesota, Pine Co., Inter­
state Park, Minnesota side 
No description of sample 
(J. Hungerford) 
Iowa, Winneshiek Co., sample 
station located at bridge 
over river for Co. Rd. 36 
Plankton-middle of river, 
20 1 through net 
Plant squeeze-material from 
center of stream 
Rock scrape-riffle area in 
middle of stream 
Sediment sample-near north 
bank of stream 
Minnesota, Wabasha Co., west 
shore of lake at Camp 
Lacupolis 
Plankton-near shore, 20 1 
through net 
Plant squeeze-numerous 
aquatic macrophytes near 
shore 
Rock scrape-submerged rocks 
near shore 
Bottom sediments-20 m from 
shore in 1 m of water 
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Station Sample 
no. no. Date 
Name of 
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39 5/7/70 Lake Zumbro 
39A2 
39B2 
39C2 
39D2 
40 5/7/70 Rice Lake 
40A2 
40B2 
40C2 
40D2 
41 5/7/70 Roberds Lake 
41A2 
41B2 
41C2 
41D2 
42 5/8/70 Swan Lake 
42A2 
Minnesota, Olmsted Co., east 
shore of lake at Sandy Point 
Plankton sample-20 1 through 
net 
Plant scrape-twigs and 
aquatic macrophytes in water 
Rock scrape-rocks from about 
60 cm water 
Bottom sediments-from 70 cm 
water 
Minnesota, Steele Co., north 
shore of lake in state park 
Plankton-taken from pier, 
20 1 through net 
Plant scrape-Sparganium 
culms 
Scrape-submerged log 
Bottom sediments-1 m of 
water 10 m from shore 
Minnesota, Rice Co., south 
shore of lake, Roberds Lake 
Resort Property 
Plankton-20 1 through net, 
taken from end of pier 
Scrape-from piece of rope 
submerged in water 
Scrape-numerous submerged 
rocks in 1 m of water 
Bottom sediments-1 m of 
water 30 m from shore, sand 
bottom 
Minnesota, Nicollet Co., 
south shore of lake at 
Nicollet Conservation Club 
Landing 
Plankton-10 1 through net 
from near shore 
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Station Sample 
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42B2 
42C2 
42D2 
43 5/8/70 Boon Lake 
43A2 
43B2 
43C2 
43D2 
44 5/8/70 Lillian Lake 
44A2 
44B2 
44C2 
44D2 
45 5/8/70 Mud Lake 
45A2 
45B2 
45C2 
45D2 
Plant scrape-Scirpus culms 
Scrape-from pilings of a 
small pier 
Bottom sediments-50 cm water 
silt bottom 
Minnesota, Renville Co., 
north shore of lake near 
road junction 
Plankton-taken from near 
shore, 20 1 through net 
Plant scrape-numerous 
aquatic macrophytes 
Rock scrape-submerged rocks 
near shore, 50 cm water 
Bottom sediments-1 m from 
shore in 60 cm water 
Minnesota, Kandiyohi Co., 
south shore of lake, public 
access by outlet of lake 
Plankton-taken from near 
shore, 20 1 through net 
Plant scrape-numerous 
aquatic macrophytes 
Rock scrape-submerged rocks 
near outlet in 20 cm water 
Bottom sediments-from 50 cm 
of water, muck bottom 
Minnesota, Stearns Co., east 
shore of lake just north of 
New London 
Plankton-10 1 through net, 
taken from near shore 
Plant scrape-numerous plants 
Rock scrapes-no description 
Bottom sediments-taken from 
near shore in 1 m of water 
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Station Sample 
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46 5/8/70 Red Rock Lake 
46A2 
46B2 
46C2 
46D2 
47 5/9/70 Lake Miltona 
47A2 
47B2 
47C2 
47D2 
48 5/9/70 Lake Mary 
48A2 
48B2 
48C2 
48D2 
49 5/9/70 Cotton Lake 
49A2 
49B2 
Minnesota, Douglas Co., pub­
lic access on east shore of 
lake 
Plankton-from near shore, 
20 1 through net 
Plant squeeze-My riophy Hum 
Scrape-from log submerged in 
water near shore 
Bottom sediments-from 60 cm 
of water near shore 
Minnesota, Douglas Co., 
south shore of lake 
Plankton-20 1 through net, 
from near shore 
Plant scrape-numerous 
aquatic macrophytes 
Scrape-from pier pilings 
Bottom sediments-taken from 
near shore in 50 cm of water 
Minnesota, Otter Tail Co., 
north shore of lake, at pub­
lic access 
Plankton-from near shore, 
20 1 through net 
Plant scrape-numerous 
aquatic macrophytes 
Rock scrape-no description 
Bottom sediments-taken from 
near shore in 60 cm water 
Minnesota, Becker Co., south 
shore of lake, 1 mi north of 
Rochert 
Plankton-taken from near 
shore, 20 1 through net 
Scrape-from rope hanging in 
water 
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Station Sample 
no. no. Date 
Name of 
station Description of sample 
49C2 
49D2 
50 5/9/70 Big Floyd 
Lake 
50A2 
50C2 
50D2 
51 5/10/70 Stakke Lake 
51A2 
51B2 
51C2 
51D2 
52 5/10/70 Pickerel Lake 
52A2 
52B2 
52C2 
52D2 
Scrape-from rocks and pier 
piling 
Bottom sediments-taken from 
near shore in 60 cm water 
Minnesota, Becker Co., east 
shore of lake 
Plankton-from near shore, 
20 1 through net 
Rock scrape-no description 
Bottom sediments-from near 
shore in 60 cm water 
Minnesota, Becker Co., 
north-east shore of lake 
Plankton-taken from near 
shore, 20 1 through net 
Plant squeeze-numerous 
aquatic macrophytes 
Rock scrapes-submerged rocks 
close to shore 
Bottom sediments-taken close 
to shore in 50 cm water 
South Dakota, Day County, 
west shore of lake at public 
access 
Plankton-from near shore, 
20 1 through net 
Algae squeeze-attached to 
rocks in shallow water 
Rock scrape-numerous stones 
in shallow water close to 
shore 
Bottom sediments-taken from 
50 cm of water 
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Station Sample Name of 
no. no. Date station Description of sample 
53 5/10/70 Bitter Lake 
53A2 
53B2 
53C2 
53D2 
South Dakota, Deuel Co., 
west shore of lake 
Plankton-20 1 through net, 
50 m from shore 
Plant squeeze-filamentous 
algae 
Scrape-crust on submerged 
rocks 
Bottom sediments-taken from 
50 cm of water 
54 5/15/70 Turtle Lake 
54A2 
54B2 
54C2 
54D2 
55 9/15/70 Cameron Lake 
55A2 
55B2 
55C2 
55D2 
56 9/15/70 Maple Lake 
56A2 
56B2 
Minnesota, Polk Co., west 
shore of lake 
Plankton-20 1 through net, 
from 50 m from shore 
Plant scrape-Tvpha and 
Scirpus culms 
Scrape-from submerged log 
Bottom sediments-from 70 cm 
water, 50 m from shore, silt 
Minnesota, Polk Co., south 
shore of lake 
Plankton-taken from near 
shore, 20 1 through net 
Scrape-from wooden plank 
anchored in water 
Scrape-from submerged rocks 
near shore 
Bottom sediments-taken in 
30 cm of water 
Minnesota, Polk Co., public 
access in park on north 
shore of lake, at boat 
launch site 
Plankton-20 1 through met, 
taken near shore 
Plant scrape-Scirpus culms 
close to shore 
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Station Sample Name of 
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56C2 Rock scrape-submerged boul­
ders close to shore 
56D2 Bottom sediments-no descrip­
tion 
57 9/15/70 Lake Ardock North Dakota, Walsh Co., 
Ardock Wildlife Refuge, west 
side of lake in pond adja­
cent to Forest River 
57A2 Plankton-20 1 through net, 
taken close to shore 
57B2 Plant squeeze-numerous 
plants submerged in water 
57C2 Scrape-from cement wall in 
20 cm of water 
58 9/15/70 Lake Bronson Minnesota, Kittson County, 
Lake Bronson State Park boat 
Landing 
58A2 Plankton-20 1 through net, 
taken from near shore 
58B2 Plant scrape-numerous 
aquatic macrophytes 
58C2 Rock scrape-submerged rocks 
near shore 
58D2 Bottom sediments-taken near 
shore in 1 m of water 
59 5/16/70 Twin Lake Minnesota, Kittson Co., out­
let of lake, at bridge 
crossing Hwy. 11 
59A2 Plankton-taken near shore, 
20 1 through net 
59B2 Plant scrape, Scirpus culms 
59C2 Scrape-from submerged log 
and branch 
59D2 Bottom sediments-taken from 
60 cm water 
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Station Sample Name of 
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60 5/16/70 Thief Lake 
60A2 
60B2 
60C2 
60D2 
Minnesota, Marshall Co., 
public access on south shore 
of lake 
Plankton-20 1 through net 
Plant scrape-numerous 
aquatic macrophytes 
Scrape-macrophytes and a 
branch in water 
Bottom sediments-taken close 
to shore in 70 cm of water 
61 5/16/70 Moose Lake 
61A2 
61B2 
61C2 
61D2 
Canada, Manitoba Province, 
Moose Lake Prov. Park, 
adjacent to road 
Plankton-20 1 through net, 
taken from close to shore 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-from submerged log 
near shore 
Bottom sediments-from close 
to shore 
62 5/16/70 Lake of the 
Woods 
62A2 
62B2 
62C2 
62D2 
63 5/27/70 Lake Talcot 
63A3 
Minnesota, Lake of the Woods 
Co., south shore of Muskeg 
Bay, at bathing beach 
Plankton-20 1 through net, 
taken 60 m from shore 
Plant scrape, numerous 
aquatic macrophytes 
Rock scrapes-submerged 
stones, 70 cm water 
Bottom sediments-from 70 cm 
water, 60 m from shore 
Minnesota, Cottonwood Co., 
Talicot Dam on Des Moines 
River 
Plankton-taken from above 
dam, 20 1 through net 
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Station Sample Name of 
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63B3 Plant scrape-numerous emer­
gent aquatics 
63C3 Rock scrape-filamentous 
algae on rock in 30 cm water 
63D3 Bottom sediments-from 70 cm 
of water 
64 5/27/70 Clear Lake Minnesota, Sibley Co., north 
shore of lake at Gibbon 
Sportsmen Club landing 
64A3 Plankton-20 1 through met, 
taken from close to shore 
64B3 Plant squeeze-various 
aquatics near to shore 
64C3 Rock scrape-numerous boul­
ders near shore in approx. 
30 cm water 
64D3 Bottom sediments-taken from 
near shore in 70 cm water 
65 5/28/70 Buffalo Lake Minnesota, Wright Co., south 
shore of lake at tent and 
trailer park 
65A3 Plankton-20 1 through net 
50 m from shore 
65B3 Plant squeeze-vascular plant 
material and algae squeeze 
65C3 Rock scrape-algae filaments 
attached to rocks 
65D3 Bottom sediments-from 50 cm 
water, 60 m from shore 
66 5/28/70 Clearwater Minnesota, Wright Co., north 
Lake shore of lake, adjacent to 
Hwy. 24, public access 
66A3 Plankton-20 1 through net, 
taken 30 m from shore 
66B3 Plant squeeze-numerous 
aquatic macrophytes 
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no. no. Date station Description of sangle 
66C3 Scrape-from cement boat 
landing and old piece of rug 
66D3 Bottom sediments-from 70 cm 
water, 40 m from shore 
67 5/28/70 Briggs Lake Minnesota, Shurburne Co., 
northeast shore of lake next 
to inlet 
67A3 Plankton-20 1 through net, 
60 m from shore 
67B3 Plant squeeze-aquatic macro-
phytes in water by inlet 
67C3 Rock scrape-numerous boul­
ders in stream entering lake 
67D3 Bottom sediments-taken 60 m 
from shore 
68 5/28/70 Little Rock Minnesota, Benton Co., north 
Lake shore of lake at Spring 
Brook Resort point 
68A3 Plankton-taken 40 m from 
shore, 20 1 through net 
68B3 Scrape-from branches in 
water adjacent to shore 
68C3 Scrape-from rocks close to 
shore 
68D3 Bottom sediments-taken 40 m 
from shore in 60 cm water 
69 5/28/70 Platte Lake Minnesota, Morrison Co., 
public access on north shore 
of lake 
69A3 Plankton-taken 30 m from 
shore, 20 1 through net 
69B3 Plant scrape-Scirpus near 
shore 
69C3 Rock scrape-no description 
69D3 Bottom sediments-taken 30 m 
from shore 
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70 5/29/70 Pelican Lake 
70A3 
70B3 
70C3 
70D3 
Minnesota, Crow Wing Co., 
north shore of lake at pub­
lic access and boat launch­
ing 
Plankton-taken 30 m from 
shore, 20 1 through net 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-from log in 15 cm of 
water 
Bottom sediments-taken 30 m 
from shore in 70 cm water 
71 5/29/70 Lake 
Minnewawa 
71A3 
71B3 
71C3 
71D3 
72 5/29/70 Whiteface 
Lake 
72A3 
72B3 
72C3 
72D3 
Minnesota, Aitkin Co., south 
shore of lake next to town 
of Minewawa 
Plankton-taken 40 m from 
shore, 20 1 through net 
Plant scrape-Scirpus culms 
near shore 
Rock scrape-submerged and in 
splash zone 
Bottom sediments-taken AO m 
from shore in 70 cm water 
Minnesota, St. Louis Co., 
public access on south shore 
at boat landing 
Plankton-taken near shore, 
20 1 through net 
Scrape-from decaying log 
submerged in water 
Scrape-from rocks in White-
face River, flowing from 
lake % mile from lake 
Sediments-from 60 cm of 
water near shore 
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73 5/30/70 Esquagama 
Lake 
73A3 
7333 
73C3 
73D3 
Minnesota, St. Louis Co., 
north end of lake near 
inlet 
Plankton-20 1 through net, 
taken close to shore 
Plant scrape-numerous 
aquatic macrophytes 
Rock scrape-no description 
Bottom sediments-taken 10 m 
from shore in 80 cm water 
74 5/30/70 Greenwood 
Lake 
74A3 
74B3 
74C3 
74D3 
75 5/30/70 Lake 
Isabella 
75A3 
75B3 
75C3 
75D3 
76 5/31/70 Pelican Lake 
76A3 
76B3 
Minnesota, Lake Co., public 
access at west shore of lake 
Plankton-20 1 through net, 
10 m from shore 
Scrape-from Equisetum, 
Scirpus, and a submerged log 
Scrape-rocks and submerged 
fence post 
Bottom sediments-taken 10 m 
from shore in 60 cm water 
Minnesota, Lake Co., south 
shore of lake at public 
access 
Plankton-20 1 through net, 
taken close to shore 
Scrape-log submerged in 
water near shore 
Rock scrape-near shore 
Bottom sediments-close to 
shore in 1 m of water 
Minnesota, St. Louis Co., 
south shore of lake at pub­
lic access 
Plankton-30 1 through net, 
20 m from shore 
Scrape-log submerged in 
water near shore 
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Station Sample Name of 
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76C3 Scrape-from rocks and old 
tire near shore 
76D3 Bottom sediments-taken 20 m 
from shore in 60 cm water 
77 5/31/70 Crane Lake Minnesota, St. Louis Co., 
south shore of lake at boat 
landing adjacent to U.S. 
customs office 
77A3 Plankton-20 1 through net, 
10 m from shore 
77B3 Plant scrape-Scirpus in 
50 cm of water near shore 
77C3 Scrape-from log submerged in 
water 
77D3 Bottom sediments-from 70 cm 
of water, 20 m from shore 
78 5/31/70 Lake Minnesota, St. Louis Co., 
Kabetogama campgrounds and boat landing 
on southwest shore of lake 
78A3 Plankton-taken from pier, 
40 1 through net 
78B3 Plant squeeze-numerous 
aquatics near shore 
78C3 Scrape-from log on pier, 
submerged in 10 cm water 
78D3 Bottom sediments-taken from 
swimming beach, 40 cm water, 
25 m from shore 
79 6/1/70 North Star Minnesota, Itasca Co., N.S. 
Lake Lake Campground on east 
shore of lake 
79A3 Plankton-20 1 through net, 
taken near shore 
79B3 Scrape-Scirpus culms, 10 m 
from shore 
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79C3 
79D3 
80 6/1/70 Little Sandy 
Lake 
80A3 
BOBS 
80C3 
80D3 
81 6/2/70 Round Lake 
81A3 
81B3 
81C3 
81D3 
82 8/21/70 Lake 
Koshkonog 
82A4 
82B4 
82C4 
82D4 
Scrape-from log submerged in 
water near shore 
Bottom sediments-taken 20 m 
from shore in 60 cm water 
Minnesota, Itasca Co., west 
end of bridge over river at 
south shore of lake 
Plankton-20 1 through net, 
20 m from shore 
Plant squeeze-numerous 
aquatic macrophytes 
Scrape-from Scirpus culms 
near shore 
Bottom sediments-1 m of 
water, 10 m from shore 
Minnesota, Itasca Co., south 
shore of lake at Bojo Resort 
pier 
Plankton-20 1 through net, 
taken 30 m from shore 
Plant scrape-Scirpus culms 
10 m from shore 
Scrape-from branch submerged 
in water 
Bottom sediments-80 cm water 
20 m from shore 
Wisconsin, Rock County, 
south end of lake near out­
let of Rock River 
Plankton-10 1 through net, 
taken 50 m from shore 
Scrape-algae filaments on 
branch submerged in water 
Rock scrape-algae filaments 
on rock in water 
Bottom sediments-taken 35 m 
from shore 
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83 8/22/70 Devil's Lake 
83A4 
83B4 
83C4 
83D4 
84 8/22/70 Green Lake 
84A4 
84B4 
84C4 
84D4 
85 8/22/70 Shawano 
85A4 
85B4 
85C4 
85D4 
86 8/23/70 Boulder Lake 
86A4 
Wisconsin, Sauk Co., state 
park boat landing northeast 
shore of lake 
Plankton-taken from near 
shore, 50 1 through net 
Plant squeeze-numerous 
aquatic macrophytes 
Rock scrapes-small rocks 
submerged close to shore 
Bottom sediments-taken from 
70 cm of water 
Wisconsin, Green Co., south 
shore of lake by Green Co. 
Park on County Rd. K 
Plankton-taken 40 m from 
shore, 30 1 through net 
Plant scrape-various aquatic 
vasculars 
Rock scrape-large boulder 
submerged near shore 
Bottom sediments-taken 30 m 
from shore in 70 cm water 
Wisconsin, Shawano Co., west 
shore of lake, public access 
Plankton-20 1 through net, 
taken 25 m from shore 
Plant squeeze-various 
aquatic vasculars 
Rock scrape-near shore, sub­
merged in 10-20 cm water 
Bottom sediments-taken from 
near shore, in 70 cm water 
Wisconsin, Forest Co., south 
shore, boat landing at B.L. 
campground 
Plankton-30 1 through net, 
taken 50 m from shore 
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Station Sample 
no. no. Date 
Name of 
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86B4 
86C4 
86D4 
87 8/23/70 Pelican Lake 
87A4 
87B4 
87C4 
87D4 
88 8/23/70 Pike Lake 
88A4 
88B4 
88C4 
88D4 
89 8/24/70 Lac Courte 
Oreilles Lake 
89A4 
89B4 
Plant squeeze-various 
aquatics near shore 
Scrape-from logs submerged 
in water 
Bottom sediments-from 30 m 
out from shore 
Wisconson, Oneida Co., south 
shore of lake at public 
access 
Plankton-20 1 through net, 
taken 50 m from shore 
Plant scrapes-Scirpus and 
filamentous algae 
Rock scrape-submerged boul­
ders near shore 
Bottom sediments-40 m from 
shore in 50 cm water 
Wisconsin, Price Co., east 
shore of lake, public access 
Plankton-20 1 through net, 
taken 40 m from shore 
Plant scrape-various 
aquatics near shore 
Plant squeeze-various 
aquatic macrophytes 
Bottom sediments-taken 40 m 
from shore in 60 cm water 
Wisconsin, Sawyer Co., south 
shore on east side of Wolf's 
Head Point 
Plankton-30 1 through net, 
taken 15 m from shore 
Rock scrape-numerous rocks 
submerged near shore 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ 
Sample missing 
- - + 
- - 4-
+ - + 
+ - + 
+ + + 
Table 27, (Continued) 
Station Sample 
no. no. Date 
Name of 
station Description of sample 
89C4 
89D4 
90 8/24/70 Lake Chetek 
90A4 
90B4 
90C4 
90D4 
91 8/24/70 Lake Tainter 
91 A4 
91B4 
91C4 
91D4 
92 8/25/70 Ceader Lake 
9 2 A4 
92B4 
92D4 
Scrape-from pier pilings and 
boat ramp 
Bottom sediments-taken 15 m 
from shore in 1 m water 
Wisconsin, Sawyer Co., west 
shore of lake at pub. access 
Plankton-14 1 through net, 
taken 15 m from shore 
Scrape-taken from float in 
water 
Rock scrape-taken from 
stones near shore 
Bottom sediments-taken 15 m 
from shore in 60 cm water 
Wisconsin, Dunn Co., north 
shore of lake, at Picnic 
Point 
Plankton-taken from pier, 
13 1 through net 
Scrape-from pier piling 
Scrape-from boat ramp 
Bottom sediments-from 50 cm 
of water near shore 
Minnesota, Scott Co., east 
shore of lake 50 m west of 
Ceader Shore Road 
Plankton-20 1 through net, 
taken from 30 m out 
Plant squeeze-algae fila­
ments from rocks 
Bottom sediments-taken 30 m 
out from shore in 70 cm 
water 
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Forms of Tabellaria encountered in sample 
T, flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
Table 27. (Continued) 
Station Sample 
no. no. Date 
Name of 
station Description of sample 
93 8/26/70 Spectacle 
Lake 
93A4 
93B4 
93C4 
93D4 
Minnesota, Isanti Co., south 
shore of lake at public 
access 
Plankton-20 1 through net, 
taken 30 m from shore 
Plant scrape-Potamogeton and 
Chara close to shore 
Scrape-from styrafoam float 
Bottom sediments-taken 30 m 
from shore in 70 cm water 
94 8/26/70 Coon Lake 
94A4 
94B4 
94C4 
94D4 
95 8/26/70 Chisago Lake 
9 5 A4 
95B4 
95C4 
95D4 
Minnesota, Anoka Co., north 
shore of lake at public 
access 
Plankton-6 1 through net, 
taken 20 m from shore 
Plant squeeze-numerous 
aquatic macrophytes near 
shore 
Scrape-from pier piling and 
water depth marker 
Bottom sediments-taken from 
70 cm of water 
Minnesota, Chisago Co., 
north shore of lake in city 
limits of Lindstrom 
Plankton-8 1 through net, 
from end of pier 
Plant squeeze-various 
aquatic macrophytes and 
algae filaments 
Scrape-from pier pilings and 
numerous rocks 
Bottom sediments-taken close 
to shore at end of pier 
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Forms of Tabellaria encountered in sample 
T. flocculosa var, flocculosa 
T. fenestrate Strain I Strain III Strain IV 
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
96 8/24/70 Lake Nipigon 
9 6 A4 
96C4 
96D4 
Canada, Ontario, at inlet of 
river from Blacksand Prov. 
Park, southeast shore 
Plankton-surface 
Rock scrape-just below sur­
face of water 
Bottom sediments-in 2 ft. of 
water (collected by F. M. 
Begres) 
97 8/28/70 Rabbit Blan­
ket Lake 
97A4 
97D4 
Canada, Ontario, Lake Supe­
rior Prov. Park 
Plankton-surface 
Bottom sediments-no descrip­
tion (F. M. Begres) 
98 8/28/70 Lake Superior 
98A4 
Ontario, Canada, north shore 
of lake, 40 mi west of Sault 
St. Marie in Hwy. 17 
Plankton-surface 
99 8/29/70 Brevort Lake 
9 9 A4 
99D4 
Michigan, Mackinac Co., 
10 mi east of Brevort, 2 mi 
north of highway 
Plankton-surface 
Bottom sediments-no descrip­
tion 
100 9/1/70 Lake 
Winnebago 
100A4 
100C4 
Wisconson, Winnebago Co., at 
launch site in High Cliff 
State Park 
Plankton-sur face 
Rock scrape-6 in to 12 in 
below water surface 
101 4/17/71 Devil's Track 
Lake 
101A5 
Minnesota, Cook Co., at out­
let from lake on east shore 
Plankton-20 1 through net, 
taken from shore 
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Forms of Tabellaria encountered in sample 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
Table 27. (Continued) 
Station Sample Name of 
no. no. Date station Description of sample 
101B5 
101C5 
Plant scrape-numerous 
aquatic macrophytes 
Scrape-from submerged log 
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Forms of Tabellaria encountered in saaçle 
T. flocculosa var. flocculosa 
T. fenestrata Strain I Strain III Strain IV 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 28. Chemical data from stations included in the distribution survey. 
Units as indicated 
Specific ppm as CaCO] 
ppm as CaC03 con- Alkalinity 
Hardness duc- Phenol- Car- Bicar- Chlo-
Station Cal- Magne- tance phthal- bon- Hydrox- bon- ride 
no. Total cium sium mmo ein ate ide ate Total ppm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
360 
410 
360 
300 
190 
80 
80 
130 
135 
150 
135 
90 
140 
40 
20 
35 
45 
60 
90 
85 
60 
140 
230 
190 
160 
190 
155 
130 
30 
40 
50 
10 
30 
50 175 
40 
40 210 
10 42 
15 100 
90 100 390 
95 60 370 
0 
0 
0 
0 
10 
0 
0 
0 
0 
20 
0 
0 
0 
0 
95 
100 
95 
100 
2 
2 
105 105 
10 10 
45 45 
0 190 190 8 
135 155 12 
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Manga- Sil-
nese Iron ica 
pH ppm ppm ppm 
Nitrate Ammonia 
Phos- nitro- nitro-
phate gen gen 
ppm ppm ppm 
Sul- Cop-
fate per Temp. 
ppm ppm C 
9.4 
8 . 8  
8.7 
9.6 
8 . 8  
6 , 8  
27 
26 
25 
22 
27 
8 , 6  
8 , 6  
8 , 8  
8 , 8  
8 , 8  
8.4 
8 . 6  
8 . 1  
8.7 
7.5 
7.2 
8.4 
7.2 
8.7 
9.1 
9.0 
9.4 
8 . 6  
8.4 
9.0 
8.9 
7.0 
8 . 8  
0.8 0.05 
0.4 0.00 
0 . 2  0 . 0 0  
9.6 0.00 
0 .1  
0 . 1  
1  0 . 1  
2  0 . 1  
0 . 0  0 . 0  
0.2 0.05 
0.8 0.75 
1.8 0.05 
8 .0  0 .00  
2.5 0.15 
3.4 
0 . 0  
12.5 0.7 
0.07 
8 0.05 
0.8 0.25 
0.4 0.05 
10.0  0 .0  
6 . 0  0 . 6  
11 0.25 
0.02 
24 
24 
27 
26 
23 
20 
23 
18 
25 
15 
26 
15 
23 
23 
23 
29 
21 
25 
13 
27 
27 
17 
27 
Table 28. (Continued) 
Specific ppm as CaCOg 
ppm as CaC03 con- Alkalinity 
Hardness due- Phenol- Car- Sicar- Chlo-
Station Cal- Magne- tance phthal- bon- Hydrox- bon- ride 
no. Total cium slum mmr> ein ate ide ate Total ppm 
31 
32 
33 
34 
35 
36 
37 230 150 80 460 20 40 0 200 240 12 
38 165 165 0 480 0 0 0 120 120 12 
39 270 130 140 600 0 0 0 250 250 22 
40 125 60 65 325 10 20 0 140 160 18 
41 150 95 55 360 25 50 0 95 145 12 
42 145 70 75 425 10 20 0 140 160 12 
43 225 100 125 525 20 40 0 70 110 18 
44 390 170 220 825 0 0 0 195 195 30 
45 160 65 95 350 20 40 0 105 155 8 
46 600 165 435 999 0 0 0 290 290 18 
47 185 125 60 - 0 0 0 185 185 8 
48 135 85 50 360 0 0 0 130 130 8 
49 155 85 70 400 0 0 0 170 170 5 
50 200 80 120 440 0 0 0 180 180 8 
51 230 220 10 - 10 20 0 170 190 10 
52 220 115 105 475 0 0 0 190 190 8 
54 155 150 5 400 0 0 0 155 155 8 
55 225 145 80 560 10 20 0 220 240 35 
56 215 135 80 490 0 0 0 185 185 10 
57 345 240 105 999 10 20 0 45 65 18 
58 170 120 50 425 0 0 0 135 135 8 
59 185 45 140 425 0 0 0 130 130 5 
60 150 95 55 350 0 0 0 120 120 2 
61 120 85 35 310 0 0 0 135 135 5 
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Nitrate Ammonia 
Manga- Sil- Phos- nitro- nitro- Sul- Cop-
nese Iron ica phate gen gen fate per Temp. 
pH ppm ppm ppm ppm ppm ppm ppm ppm C 
- 0.8 0.00 0.8 0.20 15.0 0.3 25 0.10 23 
- 0.5 0.05 1.2 0.30 1.1 0.0 87 1.50 14 
- 0.6 0.10 1.6 1.37 10.5 0.4 31 0.10 17 
- 0.2 0.08 0.1 0.02 7.0 0.0 8 0.05 19 
8.9 0.2 0.00 2.7 0.90 5.5 0.3 10 0.05 22 
9.0 0.8 0.02 0.1 0.10 7.5 0.0 11 0.05 16 
9.2 3.0 0.02 0.8 0.18 12.0 0.4 240 0.18 19 
8.5 0.2 0.00 0.3 0.20 10.0 0.3 260 0.05 19 
9.1 0.8 0.00 0.8 0.01 10.0 0.1 6 0.20 20 
8.9 0.6 0.00 0.8 0.10 13.0 0.8 520 0.05 13 
8.6 0.5 0.00 1.2 0.00 28.0 0.2 2 0.05 8 
8.6 0.0 0.20 0.6 0.00 22.0 0.3 4 0.50 14 
8.7 1.0 0.00 0.6 0.10 7.8 0.1 4 0.00 10 
8.8 5.0 0.05 0.6 0.11 14.0 0.1 5 0.02 11 
8.9 0.0 0.02 1.0 0.38 21.0 0.4 74 0.00 12 
8.7 0.2 0.05 1.0 0.10 42.0 0.0 58 0.02 13 
8.6 0.2 0.05 0.7 0.02 34.0 0.0 32 0.10 5 
9.0 0.5 0.05 1.2 0.02 33.0 0.2 14 0.25 9 
8.6 1.0 0.50 1.3 - 17.0 0.0 7 0.10 10 
9.0 2.0 0.00 1.1 0.10 17.0 0.2 300 0.09 10 
8.2 0.2 0.33 1.0 0.50 1.1 0.4 120 0.50 8 
7.6 0.0 0.05 0.7 0.40 61.0 0.2 140 0.02 6 
0.2 0.08 1.6 0.10 n . 0  0.6 58 0.02 7 
8.4 0.8 0.05 0.8 0.38 22.0 0.1 4 0.12 8 
Table 28. (Continued) 
Specific ppm as CaCOs 
ppm as CaC03 con- Alkalinity 
Hardness due- Phenol- Car- Bicar- Chlo-
Station Cal- Magne- tance phthal- bon- Hydrox- bon- ride 
no. Total cium sium mmo ein ate ide ate Total ppm 
62 140 100 40 300 0 0 0 145 145 8 
63 420 240 180 - 0 0 0 160 160 22 
64 230 115 115 525 0 0 0 190 190 25 
65 190 110 80 525 10 20 0 185 205 30 
66 165 90 75 400 0 0 0 170 170 10 
67 120 90 30 300 0 0 0 110 no 8 
68 110 85 25 280 0 0 0 110 110 10 
69 70 55 15 156 0 0 0 95 95 5 
70 90 70 20 210 0 0 0 95 95 5 
71 35 15 20 85 0 0 0 35 35 5 
72 15 10 5 44 0 0 0 15 15 2 
73 30 20 10 80 0 0 0 25 25 8 
74 15 5 10 34 0 0 0 15 15 5 
75 15 10 5 35 0 0 0 5 5 2 
76 35 20 15 160 0 0 0 20 20 8 
77 20 15 5 58 0 0 0 25 25 5 
78 40 30 10 95 0 0 0 40 40 2 
79 100 75 25 240 0 0 0 110 110 15 
80 100 65 35 230 0 0 c 1ÙÙ 100 6 
81 90 70 20 198 0 0 0 90 90 5 
82 250 135 115 625 15 30 0 240 270 35 
83 25 20 5 78 0 0 0 25 25 2 
84 190 70 120 460 0 0 0 170 170 12 
85 120 65 55 290 G 0 0 120 120 
86 105 60 45 260 0 0 0 105 105 5 
87 45 60 15 118 0 0 0 45 45 5 
88 20 20 0 60 0 0 0 15 15 2 
89 40 30 10 92 0 0 0 45 45 2 
90 50 30 20 95 0 0 0 40 40 5 
91 105 70 35 270 15 30 0 70 100 8 
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Nitrate Ammonia 
Manga- Sil- Phos- nitro- nitro- Sul- Cop-
nese Iron lea phate gen gen fate per Temp. 
pH ppm ppm ppm ppm ppm ppm ppm ppm C 
7.8 0.8 0.09 1.1 0.20 14.0 0.3 14 0,08 9 
7.8 0.2 0.00 1.6 0.10 7.5 0.5 450 0.05 22 
8.3 0.0 0.00 1.5 0.42 10.0 0,6 50 0.05 25 
8.7 0.0 0.00 1.1 0.60 8.0 0.3 10 0.05 30 
8,5 0.2 0.00 1.2 0 18 8.0 0.0 14 0.05 10 
8.6 0.2 0.1 1.2 0.75 11.5 0.0 32 0.04 8 
8.7 0.5 0.03 0.7 1.00 0.8 0.0 14 0.10 10 
8.4 0.0 0.00 1.3 2.9 11.0 0.0 2 0.02 5 
8.4 0.0 0.02 0.8 0.15 10.0 0.0 28 0.00 5 
8.2 0.0 0.05 1.8 0.15 11.0 0.1 7 0.08 5 
6.5 1.0 0.00 0.4 0.15 11.0 0.8 8 0.15 2 
7.5 0.0 0.02 1.6 0.07 1.1 0.8 8 0.02 8 
6.0 0.2 0.30 1.2 0.10 10.0 1.5 8 0.05 5 
6.7 0.0 0.50 2.7 0,15 9.0 0,7 5 0.02 2 
7.0 0.0 0.06 1.6 0.00 14.5 0,6 33 0.00 8 
6.9 0.4 0.07 1.0 0.05 10.5 0.7 8 0.05 5 
7.8 0.0 0.00 1.2 1.00 9.5 0.4 4 0.00 2 
8.4 0.0 0.05 1.6 0.05 16.0 0,5 7 0.05 15 
7.9 0.5 0.02 0.4 0.10 10.5 0.4 5 0.05 6 
7.9 0.1 0.00 1.0 0.12 11.0 0.4 4 0.00 18 
8.5 2.2 0.12 2.8 1.4 1.0 1.0 80 0.20 25 
7.2 0.2 0.00 1.0 0.10 1.5 0.0 8 0.02 23 
8.3 0.0 0.05 0.8 0.01 1.0 0.0 30 0.10 23 
8.4 0.2 0.00 1.9 0.08 1.0 0.2 7 0.01 24 
8.6 0.0 0.00 1.8 0.20 0.0 0.0 2 0.00 19 
8.0 0.0 0.00 0.9 0.10 0.0 2.5 2 0.00 18 
8.0 0.0 0.00 2.1 0.01 1.0 0.5 4 0.05 19 
7.2 0.2 0.05 2,1 0.07 2.0 0,0 1 0.05 20 
8.3 0.0 0.00 3.0 0.05 1.0 0,5 5 0.00 23 
8.9 0.2 0.00 3.6 0.30 1.5 0.2 4 0.05 23 
Table 28. (Continued) 
Specific ppm as CaCO] 
ppm as CaCOg con- Alkalinity 
Hardness due- Phenol- Car- Bicar- Chlo-
Station Cal Magne- tance phthal- bon- Hydrox- bon- ride 
no. Total cium sium mmo ein ate ide ate Total ppm 
92 120 55 65 350 25 50 0 55 105 15 
93 60 45 15 161 20 40 0 40 80 5 
94 65 40 25 166 40 50 15 0 65 5 
95 60 40 20 155 10 20 0 40 60 8 
96 70 50 20 160 0 0 0 70 70 -
97 15 10 5 60 0 0 0 15 15 -
99 90 75 15 200 0 0 0 80 80 -
100 145 85 60 350 0 0 0 145 145 -
101 20 10 10 40 0 0 0 20 20 2 
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Nitrate Ammonia 
Manga- Sil- Phos- nitro- nitro- Sul- Cop-
nese Iron ica phate gen gen fate per Temp. 
pH ppm ppm ppm ppm ppm ppm ppm ppm ° C 
9.5 2.0 0.00 2.9 0.50 1.0 0.4 30 0.65 21 
8.8 0,4 0.40 1.2 0.05 4.0 0.0 20 0.05 24 
9,9 0.5 0.04 3.8 0.00 0.5 0.0 5 0.32 25 
9.3 0,5 0.05 4.5 0.01 1.0 0.0 5 0.05 28 
7.0 - - 5.6 - - - - - -
6.0 - - 5.8 - - - - - -
7.0 - - 8.4 - - - - - -
7.2 0.0 0,0 8.5 0.02 0.0 0.6 0 0.02 20 
